\ 



per 




n>nm,A^O>,ALAP,UCABOKPU.USHBD„NDBRl«EP.T^^... 

Intenuticmal Pafpnt no««»:^#i*..J?^ 1 — " ■ K'^^^J 



(51) Intenuticmal Patent Oassfficatioii 5 ; 

C12N 15/00, 097K 13/00 
COIN 33/531, 33/fi8 



(n)Intenwtfoiial Publicaticm Number: 
(43)lDtenutioiaI Poblication Date: 



(21) InteraatioiuU Applfcatlon Number: 

(22) Int«»iiatlonal FUing 0ate: 

(30)PHoritydata: 

9015198.6 
9022845J 
9024503.6 
9104744.9 
9110549.4 



PCT/GB91/01134 
lOJuJy 1991 (10.07.91) 



10 July 1990 (10.07.90) 
19 October 1990 (19.10.90) 
12 November 1990 (12.11.90) 
6 Mardi 1991 (06.03.91) 
15 May 1991 (15.05.91) 



GB 
GB 
GB 
GB 
GB 

fa^?P^, -iTO^P^^ TECHNoSgY LIMITCD 

(72) Imwntois; and 
I ^^""[^^J^^^^ only): McCAFFERTY. John 

Ruigston Street. Cambridge CBl 2NU (GB) JOHN 
BO?!m SEX (GB). HOOGEN- 

n™f itefS:' fridge CB2 MY^bTgRIF: 



wo 92/01047 

23 Januaiy 1992 C23.0I.92) 



Road, Cambridge CBI MG (GB): ^ 

<'*)A^s MEWBURN. EHis: 2 Cuisitor i„ ^ 

EC4A IBQ (GB). '-ursitor Street, London 

(81)DerignatedStat«s:AT,AT(Europeanpatcnt).AU BB bf I 
(European patentX BF raAPI^^TSo nwnAm 

W1ir??^p°'' toAPiVtcntra (^S^: 

t<Mit)^U, IT (European patent), JP. KP, KR. l^LU 

MN, MR (OAPI patent) MW Nr mt /rTIT 
tent). NO. PL. Rc5^ «!P cfc Vtb ^ (European pa- 

Published 

With international seartA report. 



\ (S4im.: METHODS K>K PRODUCING MEMBERS GFSPECIHC BIN^iiJ^^^ 



(57)AbstnKt 

A manber of a spedfic binding pair (sbp) is idaitifieri h« 

«P«ss.ngDNAencodingageneticaU;Le.S^,S^^ 
sbp member ,n recombinant host cells in whichtteZ mlS 
are displayed in functional form at the surface of a ^S^jT 
bm^t genetic display package (rgdp) conSg^„Sg 

the sbp membw or a polypqrtide component thereof bcine ex 
pressed as a fusion with a capsid comport of the^p^f .g- 
played sbps may be selected by affiniiy with a comptencntew sbn 
member, and the DNA recovered from selecte^SpX^pS 
«on of the sdected sbp members. Antibody sbp Sbm 

ftL^ T*^ ^ ^"^"^^ chainsAer^f o!^ 
fused to the capsid component and the other in free form foTa^ 

used as an expression vector, with said capsid fu^on helpina to 
padagethephagemid DNA. Using this mcSiod lib,ari« of DN? 

be oombmed, thereby obtaming a much greater genetic divereitv in 
Jesbp members than could easily be obtained by conSnS 
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:4ETH0DS FOR PRODUCING MEMBERS OF 
SPECIFIC BINDING PATPg 



m*»mho^^® present invenrion relates to methods for oroducina 

break-th???a^l.^h^ represented a significant technical 
i,^^"^**^ important consequences both 
scientifically and commercially. Muences ootn 

Monoclonal antibodies a-ro i-i-arf 1 1 

oaf sthii -t e.^ "<-j.««juj.es, are traditionally made bv 

sa^rL-L s"„°.?/Mrciir.„.?„" pi£ -net! 

i) ^he licS?'';^""^'''^^''- ''^ ^is"lPhide bonds (see fl^J 

JSfTiS';'' /""'^ providing an"S„'"j„dS 

LTIction""°"""" ™ination'"Tutltlon'^and 

can bf -I I^Tra^irntro/T^^^^^^^^ ^^^l 

?rJS^ S^^d'^^HlToJaVn^.'^^^f t'^^^^^^^^ consis?ing\T?;i 
Of the VH and CHrdoSaSS?' , Se Fv SjSf^J consisting 

riv^^'lhe'^dT'^f ^ ^"""^^"^ o'/^'^S^J^^Tf"^^----^^ 
346 (1989) .nich consists of a VH domain; fv) isoIi^4d CDR 
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regions; and (vi) F{ab')2 fragments, a bivalent: fragment 
comprising two Fab fragments linked by a disulphide bridge 
at the hinge region. 

Although the two domains of the Fv fragment are coded 
5 for by separate genes, it has proved possible to make a 
synthetic " linker that enables them to be made as a single 
protein chain (known as single chain Fv (scFv); Bird, R.E. 
et al.. Science 242, 423-426 (1988) Huston, J.S. et al., 
Proc. Nait;l. Acad. Sci., USA 85, 5879-5883 (1988)) by 

10 reccHnbinaftt methods. These scFv fragments were assembled 
from genes from monoclonals that had been previously 
isolated.. In this application, the applicants describe a 
process to assMible scFv fragments from VH and VL domains 
that are not part of an antibody that has been previously 

15 isolated - 

Whila^t monoclonal antibodies, their fragments and 
derivatives have been enormously advantageous, there are 
nevertheless a number of limitations associated with them. 

Firstly, the therapeutic applications of monoclonal 

20 antibodie? produced by human immortal cell lines holds great 
promise for the treatment of a wide range of diseases 
(Clinical Applications of Monoclonal Antibodies. Edited by 
E. S. Lennox. British Medical Bulletin 1984. Publishers 
Churchill Livingstone ) . Unfortunately, immortal antibody- 

25 producing human cfell lines are very difficult to establish 
and they give low yields of antibody ( approximately 1 
pg/ml). In contrast, equivalent rodent cell lines yield 
high amounts of antibody ( approximately 100 pg/ml ) . 
However, ;the repeated administration of these foreign 

30 rodent p3:oteins to humans can lead to harmful 
hypersensitivity reactions. In the main therefore, these 
rodent-dearived monoclonal antibodies have limited 
therapeutic use. 

Secondly, a key aspect in the isolation of monoclonal 

35 antibodies is how many different clones of antibody 
producing cells with different specificities, can be 
practically established and sampled compared to how many 
theoretically need to be sampled in order to isolate a cell 
producing antibody with the desired specificity 

40 characteristics (Milstein, C, Royal Soc. Croonian Lecture, 
Proc. R. Soc. London B. 239; 1-16, (1990)). For example, 
the number of different specificities expressed at any one 
time by lymphocytes of the murine immune system is thought 
to be approximately 10^ and this is only a small proportion 

45 of the potential repertoire of specificities. However, 
during the isolation of a typical antibody producing cell 
with a desired specificity, the investigator is only able to 
sample 10^ to 10^ individual specificities. The problem is 
worse in the human, where one has approximately 10^2 

50 lymphocyte specificities, with the limitation on sampling of 
10*^ or 10^ remaining. 

This problem has been alleviated to some extent in 
laboratory animals by the use of immunisation regimes, 
-^us ' where one wants to produce monoclonal antibodies 
having a specificity against a particular epitope, an animal 
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iJii^ "i-u ^ i'^unogen expressing that epitope. The 

animal wxil then mount an immune response against thl 
xmmunogen and there will be a proliferation of l^phocy^eS 
D^o^L^r.^Ho^'^^^'^'-'^ ^^^^"^^ epitope. Owin^^?o^I 

?J ii? °" ^' lynipnocytes with the desired specificity 
It becomes easier to detect them in the sampling pScedurl' 
However, this approach is not successful in ar? as ; 

suitable immunogen may not be available. FurtherSorr ' wSrI 
one wants to produce human monoclonal antibodieS ( ea fS? 
JS™'^^^'' administration as previously diseased ) such S 
approach IS not practically, or ethically, feasible 
hoor, ;L i^f* years, these problems have in part 

thf7s?l?ti'L''''id^^^^ °' recombinant DNA meSSs 

to rne isolation and production of e.g. antibodies anri 

This simple substitution of immortalised cpIIc 

n?oSSS.?^'" 'factory, coSde^Sfy "si^p^iiJiS 

procedures for preparing large amounts of binding molecules 
Sr^^''^' ^ ^e«»^inant production system allows sool; 
inl P"^'*"""^ .l=ail°r-made antibodies and f ragm^ts the?Sof 
For example, xt is possible to produce chimleric moleSes 
With new combinations of binding and effector fSnc?SnS 
humanised antibodies (e.g. murine^ variable ^gions cS^SSd 
With human constant domains or murine-antibod? SSs SafSd 

Fur?h.lnr^^^\J^^ ^""^ antigen-binding SlSuSs 

Furthermore, the use of polymerase chain ruction rpc?^ 

?T988n''^^o'-°" i^:^''^' ^ ^^-^ Science^!9^°"487!Sl 

i^^^K K antibody producing sequence^-from cells 

sildina^'un th"/^.-^'"'' ^ ^^""^^^ 9^^* potential fo? 

Solated ^ a2^^ •1'^"^^';^^^ ""^^^ "^'^^^ specificities can be 
isolated. Amplified VH and VL genes are cloned dlT-eAi-i^ 

expression in b^cteriaTr mtSSSiS cSS 

a? 1989 Ifihf; ^^^^ ^"P"' Warrick, J.W.,^t 

r Biophys. Res. Commun. 160, 1250-1255- 

L^c\^e|i^lU th^^^sc^^e^^^^^^^^^ 

?h2SILr- l\^l3^^^^^^^^^ - - 

proportion of cells with desired specificity fS^smo^ 
nrnhl °^ ^''^^^ techniques can exacerbate the^^SSSg 
llSraSes h™ ^^P^^' ^^^^ separate H and L SS2n 
ol^I^i^o^^^^^^^ ^/aSd^-^^L\\oJS"^^^^^ 
50 11=3- 

r€ ^^^^^ ---^3 

D?o?ocoTr/n t-ho • gained by using immunization 

55 from^nr^io -^""^l' Currently, only libraries derived 

DO from single VH aomams (dAbs; Ward, E.S., et al. 1989 
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supra.)! do nor suffer this drawback. However, because not 
all antiJjoay VH domains are capable of binding antigen, more 
have to be screeniBd^ In addition, the problem of directly 
screening many different specificities in prokaryotes 
5 remains tq be solved. 

thus^i tii^re is a need for a screening system which j 
ameliorates or overcomes one or more of the above or other 
problems. : The ideal system would allow the sampling of very 
large numbers of specificities (eg 10^ and higher), rapid t 
10 sorting at each cloning round, and rapid transfer of the 
genetic material coding for the binding molecule from one 
stage of the production process, to the next stage. 

The most attractive candidates for this type of 
screening, would be prokaryotic organisms (because they grow 
15 quickly > are relatively simple to manipulate and because 
large numbers of clones can be created) which express and 
display at their surface a functional binding domain eg. an 
antibody,^ receptor, enzyme etc. In the UK patent GB 
2137631B methods for the co-expression in a single host cell 
20 of the variable H and L chain genes of dlmmunoglobulins were 
disclpsad. However, the protein was expressed 
intraceliularly and was insoluble. Further, the protein 
required extensive processing to generate antibody fragments 
with binding activity and this generated material with only 
25 a fraction of the binding activity expected for antibody 
fragments at this concentration. It has already been shown 
that antibody fragments can be secreted through bacterial 
membranes; with the appropriate signal peptide (Skerra, A. 
and Pluckthun, A. 1988 Science 240 1038-1040; Better, M et 
30 al 1988, Science 240 1041-1043) with a consequent increase 
in the binding activity of antibody fragments . These 
methods . require screening of individual clones for binding 
activity in the same way as do mouse monoclonal antibodies. 
It has not been shown however, how a fxinctional binding 
35 domain eg an antibody, antibody fragment, receptor, enzyme 
etc can be held on the bacterial surface in a configuration 
which allows sampling of say its antigen binding properties 
and selection for clones with desirable properties. In 
large pairt, this is because the bacterial surface is a 
40 complex structure, and in the gram-negative organisms there 
is an outer wall which further complicates the position. 
Further, yit has not been shown that eg an antibody domain 
will fol^ correctly when expressed as a fusion with a 
surface protein of bacteria or bacteriophage. 
45 Bacteriophage are attractive prokaryote related 

organisms for this type of screening. In general, their * 
surf ace is a relatively simple structure, they can be grown 
easily in large numbers, they are amenable to the practical 
handling involved in many potential mass screening * 
50 programmes, and they carry genetic information for their own 
synthesis within a small, simple package. The difficulty 
has been to practically solve the problem of how to use 
bacteriophages in this manner. A Genex Corporation patent 
application number WO88/06630 has proposed that the 
o5 bacreripphage lambda would be a suitable vehicle for the 
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^£^h?«i K° K^^*'-^?'^^ molecules, but they do not provide a 
teaching which enables the general idea to be carried out. 
For example W088/06630 does not demonstrate that any 
sequences: (a) have been expressed as a fusion with gene V; 
(b) have been expressed on the surface of lambda; and (c) 
have been expressed so that the protein retains biological 
Furthermore there is no teaching on how to screen 
for suitable fusions. Also, since the lambda virions are 
assembled within the cell, the fusion protli^ woifd S 
?nf2f^ intracellularly and would be predicted to be 
inactive. Bass et al., in December 1990 (after the earliest 
'^^^^ present application) describe deleting 

l^JL^^ ^ii. °* ^ filamentous bacteriophage M13 and 
?"nJo^t^« nf ^^"^^""^ for human growth hormone (hGH) 

i^lZ, ^ S^^^."^ ^"-^^ °* ^« 9ene. The growth hormone 
displayed by M13 was shown to be functional. (Bass S. et 
tno -I^^^^^f'. Structure, Function and Genetics (1990)' 8: 
Tn f^«=tional copy of gene III was always present 

in addition, when" this fusion was expressed. A Protein 
corporation patent application WO90/02809 
proposes the insertion of the coding sequence for bovine 
pancreatic trypsin inhibitor (BPTI) into ^e ViS of mS 
S^S^f ' P^POsal was not shown to be operative. For 

example, there is no demonstration of the expression of BPTI 
sequences as fusions with protein VIII and display on the 
I'^fuSon 1."'^^ Furthermore this document teachlsll^at wS^ 
Lcfo^H « is necessary to use a 

alS Ilf^ln^S^ """^ °J =° unaltered 

protein will be present. The embodiments of the 
present application do not do this. In embodiments where 

?J;?rtf ''^f f"^^ "^2^°^ sene III deletion phage, 

there is no unaltered gene III present. 

contaIn^°^2f ^° phagemids that do not 

contain the full genome of M13 and require rescue by 

oS^Sffn'' ^^^P^^ ^ suSable for ?hesS 

purposes because coinfection could lead to recombination. 

in all embodiments where the present applicants have 
used phagemids, they have used a helper phage and the o^y 
sequences derived from filamentous bacteriophage in Se 
SeSis! "^^^^ °' --P^i^^^ion and%ene II? 

infn™2??^°^^°^K^^^° that their process needed 

information such as nucleotide sequence of the startlna 
molecule and its three-dimensioned structurlf ^e u^^l 
pre-existing repertoire of binding molecules to select for a 
binding member, such as is disclosed herein, for example 
S^t'?. ^ ^""lunoglobulin gene repertoire of animals, was not 
disclosed. Further, they do not discuss favouring 
variegation of their binding molecules in natural blocks of 
variation such as CDRs of immunoglobulins, in ord^ ?o 
favour generation of improved molecules and prevent 
unfavourable variations. WO90/02809 also specifically 
S%'Sfmo'?:ci^f^.'=^^'°" °* ^° the%rodu°c?S 

In each of the above discussed patents {WO88/06630 and 
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W090/02809), the protein proposed for display is a single 
polypeptide chain. There is no disclosure of a method for 
the display of a dimeric molecule by expression of one 
monomer as a fusion with a capsid protein and the other 
5 protein in a free form . 

Another disclosure published in May 1991 (after the 
earliest priority date for the present application) 
describes the insertion into gene VJII of M13, the coding 
sequences for one of the two chains of the Fab portion of an 

10 antibody with co-expression of the other from a plasmid. 
The two chains were demonstrated as being expressed as a 
functional Fab fragment on the surface of the phage (Kang 
A.S. et al. , (1991) Proc. Natl. Acad. Sci, USA^ Sa p4363- 
4366). No disclosure was made of the site of insertion into 

15 gene VIII and the assay for pAb binding activity by ELISA 
used a reagent specific for antibody L chain rather than for 
phage. A further disclosure published in March 1991 (after 
the earliest priority date for the present application) 
describes the insertion of a fragment of the AIDS virus 

20 protein gag into the N- terminal portion of gene III of the 
bacteriophage fd. The expression of the gag protein 
fragment was detected by ixmnunological methods, but it was 
not shown whether or not the protein was expressed in a 
functional £orm ( Tsunetsugu-YoJcota Y et al^ (1991) Gene 99 

25 p261-265). — 
The problem of how to use bacteriophages in this way is 
in fact a difficult one. The protein must be inserted into 
the phage in such a way that the integrity of the phage coat 
is not undermined, and the protein itself should be 

30 f unctiohs^l; retaining its biological activity with respect to 
antigen binding. Thus, where the protein of choice is an 
antibody, it should fold efficiently and correctly and be 
presented : for antigen binding . Solving the problem for 
antibody molecules and fragments would also provide a 

35 general method for any biomolecule which is a member of a 
specific binding pair e.g. receptor molecules and enzymes. 

Surprisingly, the applicants have been able to 
construct \a bacteriophage that expresses and displays at its 
surf ace a large biologically functional binding molecule (eg 

40 antibody -fragmm and enzymes and receptors) and which 
remains intact and infectious. The applicants have called 
the structure which comprises a virus particle and a binding 
molecule ^splayed at the viral surface a 'package'. Where 
the binding molecule is an antibody, an antibody derivative 

45 or fragment, or a domain that is homologous to an 
immiinoglobulin domain, the applicants call the package a 
'phage antibody' (pAb). However, except where the context 
demands otherwise , where the term phage antibody is used 
generally, it should also be interpreted as referring to any 

dO package comprising a virus particle and a biologically 
functional ipinding molecule displayed at the viral surface. 

pAbs .have a range of applications in selecting antibody 
genes encbding antigen binding activities. For example, 
55 pAbs could be used for the cloning and rescue of hybridomas 
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(Orlandi, R et al (1989) PNAS 86 p3B33-3837) and in the 

xiu&e, w.u. er al., 1989, Science 246 l27S-i:?fli \ t« 
parricular rounds of selection usil^'piis inay help S 
= rescuing the higher affinity antibodies from 4e lattS 
libraries It may be preferable to screen sSall librSS 
MQn«T**e*i"'" antigen-selected cells (Casali P et^J 
(1986) science 234 p476-479 ) to rescue the original vS/v£ 
10 n^ir °°»P^^^i^, region of an antibody f^JS u^ of 

f?5-K"'i'7 construction of entirely^toltif 

s^S^t^n^hetfcn^g^Ses^^^^^ .aS^wSTS^JS 

»aae m vitro by combining un-rearranged V genes with D and 

clones Thl=^n ^ ' library of about lo" 

^^sTbility P^^io-sly been a practical 

whlcb'^l?:;^" tMrSSleS'^"^" ^ "■^■^ °^ approaches 

■35 r^T-lr^^tti created which expresses as many of the lol* 
-5 potential combinations as possible. However bv v7ri,» 

approS. 'S'-pte^-rarii^^tV.ne^ e^X^el^t'^^SS 
ii^^.tf^j'' t«= smaller llbraSs for sele^SS 

siHs^of^^S- i^^^T^^-^^ti^ oHr 

bacteriophage (a phagemid) which is resis?^nt to o 
ampiciliin (i e. a different antibiotic) and are eSre;;!^ 
Sbra^. is^t'iT'" H ^r^" °^ " bacterium ^ flrlt 
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Chains oil the surface of the resulting phage in the 
bacterial supernatant . 

The advantage of this approach is that two separate 
libraries of eg lO'^ are created in order to produce 10^^ 
5 combinations • Creating a 10^ library is a practical 
possibility. 

The combinations are then subjected to selection 

C see later for description of selection formats ) as 
disclosed by the present application. This selection will 

10 then produqe a population of phages displaying a particular 
combination of H and L chains having the desired 
specificity. The phages selected however, will only contain 
DNA encoding one partner of the paired H and L chains 
(deriving ..from either the phage or phagemid). The sample 

15 eluate ccmtaining the population is then divided into two 
portions. A first portion is grown on e.g. tetracycline 
plates to select those bacteriophage containing DNA encoding 
H chains which are involved in the desired antigen binding. 
A second portion is grown on e.g. ampicillin plates to 

20 select those bapteriophage containing phagemid DNA encoding 
L chains which are involved in the desired antigen binding. 
A set of colonies from individually isolated clones e.g. 
from the tetracycline plates are then used to infect 
specific colonies e.g. from the ampicillin plates. This 

25 results in bacteriophage expressing specific combinations of 
H and L chains which can then be assayed for antigen 
binding. 

In a third approach (called a hierarchical dual 
combinational approach by the present applicants), an 

30 individual colony from either the H or L chain clone 
selected by growth on the antibiotic plates, is used to 
infect a complete library of clones encoding the other chain 
(H or L). Selection is as described above. This favours 
isolation of the most favourable combination. 

35 In a fourth approach (called a hierarchrical approach 

by the present applicants, see examples 22 and 46) both 
chains are cloned into the same vector. However, one of the 
chains which is already taiown to have desirable properties 
is kept fixed. A library of the complementary chain is 

40 inserted into the same vector. Suitable partners for the 
fixed chain are selected following display on the surface of 
bacteriophage. 

In a fifth approach (see example 48), to improve the 
chances Qf recovering original pairs, the complexity of the 

45 combinato^rial libraries can be reduced by using small B 
populations of B-lymphocytes selected for binding to a 
desired antigen. The cells provide e.g. mRNA or DNA, for 
preparing libraries of antibody genes for display on phage. 
This technique can be used in combination with the above 

50 mentioned four approaches for selection of antibody 
specificities. 

Phagemids have been mentioned above. The applicants 
have realised and demonstrated that in many cases phagemids 
will be preferred to phage for cloning antibodies because it 
55 is easier to use them to generate more comprehensive 
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libraries of the immune repertoire. This is because i-h^ 
phagemad DNA is approximately 100 times more If fiSSS%JS« 
bacteriophage ONA in transf^orming bacteri? ""™aSS 
5 ill' n,™K ' 5^ °^ Phagemids gives the ability to vary 

2lDlaiS^nn°;H ^"^^."^ ^^^""^ """^^^ f usion^ prSteSJ 
For Z^IJ''^^^'^ °^ bacteriophage ( see "^exampll 

- • ^^^P^e- a system comprising a bacterial cell 
contaxnxng a phagemid encoding a gene III fusion SoSin^ni 

10 aSf f * ^ Pbage, induction Of Sp^esSo^ S S2 

selecSorS^Jnrfh^^"^^^ ^'i^^*?'' protein per virion may aid 

affinity antibody. m some cases however it «i ii ^ 

for °el-^°^'■^^*'°"''^^"^ Phagemids to havl woS 
25 !m«™,- selecting low affinity binding molecules or 

25 improving sensitivity on ELISA). One way to do this f« 

a bacteriophage which ''^tSns a dtf ecli^I 
ff^^i ---- 4^i?1s-c.^?e?e^1 

?Sp\£:r^^^^^^^^ --ss?s^e 

174^- ^n'fhef^p.o^^-n-S-- 
JSd °* ^ PJ*^^®' P^^e vectors could be used to^loS 

^oteJn prx^perties of the dISp!a?S 

?n ff fict oth«t ^^^^i^^ ^^^^^^^^ binding actiJSSs: 

40 "nouv"!:^an?i\^o"^ieSf°'""" architectures might serve as 
«n^-fh«2^ technique provides the possibility of buildino 

^^^f^ principles, taking advan?age of SI 
structural framework on which the antigen binding loopS 

cSi?;rmai?n«l^"\"^K ""^^^^ ^^^^ « limited n^er ol 

conformations which generate a variety of bindina sites 
alternative loop combinations and by diverse side iS^oo^ 

wSrfor?e'"n;;„'? ^^^^^ ^^^-^ slT.s"^^ik 

sSic^e ?f ^ .n?"-^- • ^ ^i^h resoluSon 

sTzructure of the antigen is needed. However thp annr-rta^K 
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10 

architecture, specialised for binding, is the best starting 
point for-; building catalysts. Genuine enzyme architectures, 
such a^ the triose phosphate isomerase (TIM) barrel, might 
be more suitable. Like antibodies, TIM enzymes also have a 
5 framework structure { a barrel of p-strands and a-helices) 
and loops to bind substrate. Many enzymes with a diversity 
of catalytic properties are based on this architecture and 
the loops might be manipulated independently on the 
frameworks for design of new catalytic and binding 

10 properties. The phage selection system as provided by the 
present disclosure can be used to select for antigen binding 
activitiejs and the CDR loops thus selected, used on either 
an antibody framework or a TIM barrel framework. Loops 
placed on a e.g. a TIM barrel framework could be further 

15 modified by mutagenesis and subjected to further selection. 
Thus, there is ho heed to select for high affinity binding 
activities in a single step. The strategy of the immune 
system, in which low affinity evolves to high affinity seems 
more realistic and can be mimicked using this invention. 

20 Orm class of molecules that could be useful in this 

type of application are receptors. For example, a specific 
receptor could be displayed on the surface of the phage such 
that it would bind its ligand. The receptor could then be 
modified ijy, for example, in vitro mutagenesis and variants 

25 having higher binding affinity for the ligand selected. The 
selection may be carried out according to one or more of the 
formats described below with reference to figure 2 (which 
refers particiilarly to pAbs) in which the pAb antibody is 
replaced with a phage receptor and the antigen with a liaand 

30 1. ^ 

Alternatively, the phage-receptor could be used as the 
basis of a rapid screening system for the binding of 
ligands, altered ligands, or potential drug candidates. The 
advantages pf this system namely of simple cloning, 

35 convenient expression, standard reagents and easy handling 
makes the drug screening application particularly 
attractive. In the context of this discussion, receptor 
means a molecule that binds a specific, or group of 
specific, ligand(s)- The natural receptor could be 

40 expressed on the surface of a population of cells, or it 
could be the extracellular domain of such a molecule 
(whether such a form exists naturally or not), or a soluble 
molecule performing a natural binding ftinction in the 
plasma, pr within a cell or organ. 

45 Another possibility, is the display of an enzyme 

molecule or active site of an enzyme molecule on the surface 
of a phage (see examples 11,12,30,31,32 and 36). Once the 
phage enzyme is expressed, it can be selected by affinity 
chromatography, for instance on columns derivatized with 

50 transition state analogues. If an enzyme with o different 
or modified specificity is desired^ it may be possible to 
mutate ah; enzyme displayed as a fusion on bacteriophage and 
then select on a column derivatised with an analogue 
selected to have a higher affinity for an enzyme with the 

55 desired modified specificity. 
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Althougn throughout this application, rhe anpiicants 
axscuss the possibility of screening for higher" affinity 
variants of pAbs, they recognise that in some 
- fPPJ-ications, for example low affinity chromatography 
= (Ohlson, S. at al Anal. Biochem. 169, d204-208 (1988)) 
it may be desirable to isolate lower affinity variants ' 
Examples 21 and 23 show that the present invention 
^ °^ producing antibodies with low 

affinities (as seen in the primary immune response or in 
10 unimmunised animals). This is made possible by 
displaying multiple copies of the antibody on the phaoe 
surface in association with gene III protein. Thus, pAbs 
allow genes for these antibodies to be isolated and if 
necessary, mutated to provide improved antibodies. 
15 pAbs also allow the selection of antibodies for 

^^^^K^^f.** stability. It has been noted for many 
antibodies that yield and stability are improved when 
^e antibodies are expressed at 30 "C rather "than 37 "C 
7n IL^F-f^^ are displayed at 37 »C, only those which are 
I^J^i^"^^^ ^ available for affinity selection. When 
antibodies are to be used in vivo for therapeutic or 
hi??"?fS° purposes increased stability would extend the 
half-life of antibodies in circulation. 
7H ^l^^"^-? stability is important for all antibodies 

and antibody domains selected using phage, it is 
particularly important for the selection of Fv fragments 
wr^^'x ^ non-covalent association of VH 

and VL fragments. Fv fragments have a tendency to 
dissociate and have a much reduced half-life in 
30 circulation compared to whole antibodies. Fv fragments 
are displayed on the surface of phage, by the association 
of one chain expressed as a gene III protein fusion with 
the complementary chain expressed as a soluble fraoment. 
;L,^^"i.°^ °*^^^"s *^3ve a high tendency to dissociate, 
be much less likely to be selected as pAbs! 
Therefore, the population will be enriched for pairs 
which do associate stably. Although dissociation is less 
Of a problem with Fab fragments, selection would also 
occur for Fab fragments which associate stably. pAbs 
JiiSo s^^iii^ to protease attack, only 

Jr«fK, ^ /w^*"!^ ^""^ cleaved by proteases will be 

capable of binding their ligand and therefore populations 
°^^P^^^^ J"^^^ be enriched for those displaying stable 
antibody domains. 

45 The technique of displaying binding molecules on the 

pnage surface can also be used as a primary cloning 
system. For example, a cDNA library can be constructed 
and inserted into the bacteriophage and this ohage 
library screened for the ability to bind a ligand.* The 

30 ligand /binding molecule combination could include anv 
pair of molecules with an ability to soecificallv bind to 
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one anotlier e^g. receptor /ligand, enzyme /substrate (or 
analogue), nucleic acid binding protein/nucleic acid etc. 
If one nfejnber of the ccanplementary pair is available , 
this may be a jpreferred way of isolating a clone for the 
5 other member of this pair. 

It will often be necessairy to increase the diversity 
of a population of genes cloned for the display of their 
proteins on phage or to mutate an individual nucleotide 
sequence^ Although in vitro or in vivo mutagenesis 
10 techniques could be used for either purpose, a 
particularly suitable method would be to use mutator 
straiiis* A mutator strain is a strain which contains a 
genetic defect which causes DNA replicated within it to 
be rautat^ with respect to its parent DNA. Hence if a 
15 population of genes as gene III fusions is introduced 
into these strains it will be further diversified and can 
then be transferred to a non-mutator strain, if desired, 
for display and selection* Example 38 covers the use of 
mutator stxains with phage antibodies (an example of in 
20 vitro mutiagenesis and selection of phage antibodies is 
given in example 45). 
Targeted igene transfer 

A useful and novel set of applications makes use of 
the binding , protein on the phage to target the phage 
25 genome to a pctrticular cell or group of cells. For 
example, ^ pAb specific for a cell surface molecule could 
be used ^tp bind to the target cell via the surface 
molecule. The phage could then be internalised, either 
through the action of the receptor itself or as the 
30 result of another event (e.g. an electrical discharge 
such as din the technique of electroporation ) . The phage 
genome would then be expressed if the relevant control 
signals Cfor transcription and translation and possibly 
replication) were present. This would be particularly 
35 usefxil if the phage genome contained a sequence whose 
expressicm was deisired in the target cell (along with the 
appropriate expression control sequences). A useful 
seqfuence might confer antibiotic resistance to the 
recipient cell or label the cell by the expression of its 
40 product (e.g. if the sequence expressed a detectable gene 
product such as a luciferase, see White, M, et al. 
Techniques 2(4), pl94-201 (1990)), or confer a particular 
property on the target cell (e.g. if the target cell was 
a tumour cell and the new sequence directed the 
45 expression of a tumour suppressing gene), or express an 
antisenset construct designed to turn off a gene or set of 
genes in the target cell , or a gene or gene product 
designed to be toxic to the target cell. 

Alternatively, the sequence whose expression is 
50 desired in the target cell can be encoded on a phagemid. 
The phaig:emid DNA may then be incorporated into a phage 
displaying an antibody specific for a cell surface 
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l^.^J^ Z \. example, incorporation mav be by 

rESio^^S«S2 °^ containing the phageriid, witJ 

!r>?f Pnage whose genome encodes the antibody fragment 
specific tor the target ceil. The package is then used 
to airect the phagemid to the target cell. 

This technique of "targeted gene transfer" has a 
"i^^L. "^^1 research and also in therapy and 

diagnostics. For example, gene therapy often aims to 
T^H^J.'' replacement gene to a specific cell type that 
IS deficient in its activity. Targetting pAbs provide a 
means of achieving this. w-toviae a 

y.^r.^J'^ diagnostics, phage specific for particular 
bacteria or groups of bacteria have been used to target 
marker genes, e.g. luciferase, to the bacterial 

ODJUJ913.9). If the host range of the phaae is 
appropriate, only those bacteria 4at are being ?esteS 
for, will be infected by the phaoe exnres.? i-h« 
luciferase gene and be detected by the^!ight"?hSrem^?^ 

sSmonSI^^ n^^ ^^'^ "^^^ ^° ^^^^ presice of 

Salmonella. One major problem with this approach is the 
initial isolation of a bacteriophage with the correc? 

ca2ette"?ntr1:h^^"" °^ ^ luciJeSase gSe 

Snf phage, such that it is functional. 

2™d 7^""^ ^ luciferase cassette to b; 

Sh««r? Characterised system (filamentous 

phage) and allows simple selection of an appropriatrSs? 
range, by modifying the antibody ( or othSr M ndinj 
molecule) specificity that the pAb encodes. binding 
The present applicants have also been able to 

^tlln? oT ^^^^y format? whiS 
depena on the unique properties of these replicable 
genetic display packages e.g. pAbs. repiicanie 
TERMINOLOGY 

h^^ hoo?" the terminology discussed in this section 
has been mentioned in the text where appropriate 
Specific Binding Pair ^ropria-ce . 

This describes a pair of molecules (each beino a 
S^S^'h"* ^ specific binding pair) which are na^all? 
derived or synthetically produced. One of the pair o? 

specifically binds to, and is therefore defined as 
complementary with a particular spatial an^ polS? 
organisation of the other molecule, so that the pair Savl 
the property of binding specifically to each SthS 
l^^l^^H °f specific binding Jairs are an?igS: 

S~nro7i- "'•r^''"^^^^^"' ^°^n>one-hormone re^ept^, 
receptor-ligand, enzyme-substrate-, IgG-protein A 
Multimeric Member 

assoclai^ J5th''''^.^^f ^ ^^""^"^ polypeptide which will 
DoKSSfHoo ^^^^"^ ^ polypeptide, when the 

polypeptides are expressed in free form and/or on the 
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surface of a siibstrate. The substrate may be provided by 
a baGteriophage. Where there are two associated 
polypeptides / the associated polypeptide complex is a 
dimer, where there are three, a trimer etc. The dimer, 
5 trimer/ mul timer etc or the multimeric member may 
comprise a member of a specific binding pair. 

Example multimeric members are heavy domains based 
on an iirananoglobulin molecule, light domains based on an 
jLmmunoglobulin molecule, T-cell receptor subunits. 

10 Replicabl^ Genetic Display Package (Rgdp) 

This describes a biological particle which has 
genetic information providing the particle with the 
ability to replicate. The particle can display on its 
surf ace at least part of a polypeptide. The x>olypeptide 

15 can be encoded by genetic information native to the 
particle and/or artificially placed into the particle or 
an ancestor of it. The displayed polypeptide may be any 
member of a specific binding pair eg. heavy or light 
chain domains based on an immunoglobulin molecule, an 

20 enzyme or a receptor etc. 

The particle may be a virus eg. a bacteriophage such 
as f d or M13 . 
Package 

This describes a replicable genetic display package 
25 in which the particle is displaying a member of a 
specif ic binding pair at its surface* The package may be 
a bacteriophage which displays an antigen binding domain 
at its surface. This type of package has been called a 
phage antibody (pAb). 
30 Antibody 

This describes an immunoglobulin whether natural or 
partly of wholly synthetically produced. The term also 
covers any protein having a binding domain which is 
homologous to an immunoglobulin binding domain. These 

35 proteins pan be derived from natural sources, or partly 
or wholly synthetically produced . 

Example antibodies are the inmunoglobulin isotypes 
and the Fab, F{ab^)2, scFv, Fv, dAb, Fd fragments. 
Immunoglobulin Superfamily 

40 This describes a family of polypeptides, the members 

of which have at least one domain with a structure 
related to that of the variable or constant domain of 
immunoglobulin molecules. The domain contains two p- 
sheets ahd usually a conserved disulphide bond (see A.F. 

45 Williams and A.N. Barclay 1988 Ann. Rev Immunol. 6 
381^405 )v 

Example members of ah immunoglobulin superfamily are 
CD4 , platelet derived growth factor receptor ( PDGFR ) , 
intercellular adhesion molecule. (ICAM). Except where 
50 the cbntext otherwise dictates, referexice to 
immunoglobulins and immunoglobulin homologs in this 
application includes members of the immunoglobulin 
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superfamily and homologs thereof. 
HomoloQs 

This term indicates polypeptides having the same or 
conserved residues at a corresponding position in their 
5 primary, secondary or tertiary structure. The term also 
extends to two or more nucleotide sequences encodino the 
homologous polypeptides. 

Example homologous peptides are the immunoglobulin 
isotypes . 
10 Functional 

In relation to a sbp member displayed on the surface 
^ -.f I^^' ""^^ ^® member is presented in a 

folded form in which its specific binding domain for its 
complementary sbp member is the same or closely analogous 
15 to Its native configuration, whereby it exhibits similar 
specificxty with respect to the complementary sbp member. 
In this respect, it differs from the peptides of Smith et 
al, supra, which do not have a definite folded 
configuration and can assume a variety of configurations 
determined by the complementary members with which thev 
may be contacted. 
Genetically diverse population 

In connection with sbp members or polypeotide 
components thereof, this is referring not only to 
diversity that can exist in the natural population of 
cells or organisms, but also diversity that can be 
created by artificial mutation in vitro or in vivo 
m,,^-,^™^'*^"" iS.ZiSo may for example, iH^^6I^* random 
T^^-^, ^ .w^^"^ oligonucleotides having random 
mutations of the sequence desired to be varied. In vivo 
mutagenesis may for example, use mutator strains of hoit 
microorganisms to harbour the DNA (see Example 38 below) 
Domain w=j.ww j . 

«ii-h,n fSof?"? ^. °^ ^ protein that is folded 

withm itself and independently of other parts of the 

m^e?''°*^'*'" ^ independently of a complementary binding 

Folded Unit 

This is a specific combination of an o-helix and/or 
p-strand and/or p-tum structure. Domains and folded 
units contain structures that bring together amino acids 
that are not adjacent in the primary structure. 
Free Form 

no-K ^TSi? describes the state of a polypeptide which is 
not displayed by a replicable genetic display package. 
Conditionally Defective t- i f oy«=. 

This describes a gene which does not express a 
particular polypeptide under one set of conditions but 
expresses it under another set of conditions. An 
example, is a gene containing an amber mutation expressed 
m non-suppressing or suppressing hosts respectively 

Alternatively, a gene may express a protein which is 
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defective under one set of conditions, but not under 
another set. An example Is a gene with a temperature 
sensitive mutation. 

Supgresslble Translational Stop Codon 
5 This describes a codon which allows the translation 

of nucleotide sequences downstream of the codon under one 
set of conditions, but under another set of conditions 
translation ends at the codon. Example of suppressible 
translational stop codons are the amber, ochre and opal 

10 codoxis* 

Mutator Strain 

This is a host cell which has a genetic defect which 
causes DNA replicated within it to be mutated with 
respect to its parent DNA. Example mutator strains are 

15 NR9046mutD5 and NR9046 mut Tl (see Example 38). 
Helper Phauje 

This is a phage which is used to Infect cells 
containing a defective phage genome and which functions 
to complement the defect. The defective phage genome can 
20 be a phag^mld or a phage with some fimction encoding gene 
sequences removed. Examples of helper phages are M13K07, 
M13K07 gene III no. 3; and phage displaying or encoding 
a binding molecule fused to a capsid protein. 
Vector 

25 This is a DNA molecule, capable of replication in a 

host organism, into which a gene is Inserted to construct 
a recombinant DNA molecule. 
Phage Vector 

This is a vector derived by modification of a phage 
30 genome, cpntaining an origin of replication for a 
bacteriophage, but not one for a--plasmid. 
Phagemid Vector 

This is a vector derived by raodlflcation of a 
plasmid genome, containing an origin of replication for a 
35 bacteriophage as well as the plasmid origin of 
replication. 
Secreted 

This describes a rgdp or molecule that associates 
with the member of a sbp displayed on the rgdp, in which 

40 the sbp member and/or the molecule, have been folded and 
the package assembled externally to the cellular cytosol. 
Repertoire of Rearranged Immunoglobulin Genes 

A ppllection of naturally occurring nucleotides eg 
DNA sequences which encoded expressed immunoglobulin 

45 genes in an animal. The sequences are generated by the 
in vivo rearrangement of eg V, D and J segments for H 
chains and eg the V and J segments for L chains. 
AltematlyeJLy the sequences may be generated from a cell 
line Immunised in vitro and in which the rearrangement in 

50 response to inanunisatlon occurs intracellularly. 
Library 

A collection of nucleotide eg DNA, sequences within 
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clones . 

^ggtoire of Artificially Rearranged immunoglobulin 
collection of nucleotide eg DNA, sequences derived 

immunoglobulin sequences from an animal. This mav 
include for example, DNA sequences encoding VH domains bv 
SS'nSi"^ unrearranged V segments with D and J segmenti 
10 TseSJiitsT^^ ^^"^ '''' •^"^^"^ combining^^I 

Part or all of the DNA sequences may be derived 
olxgonucleotide synthesis. aerived by 

Secretory Leader Peptide 
15 -i-»™s«^^ a sequence of amino acids Joined to the N- 
ofS^^iof^ P°^yP«Ptide and which directs mov^ent 

of the polypeptide out of the cytosol. 
Eluant 

This is a solution used to breakdown the linkaoe 
between two molecules. The linkage can bH mm-co^S? 
rsSpT^^'' '■'^^ ^° -nollcules cL b^^SeSS^^J 

Derivative 

wh<r,h^^^ ^ substance which derived from a polypeptide 
which is encoded by the DNA within a selected rgSf The 
derivative polypeptide may differ from the eAooded 
Ss2??Si''of'^«JS^ addition, deletion, s«bstitutT^°''or 
iSlSies to ^ ^ linkage of other 

S2 ^^^i ^ encoded polypetide. These changes may 

•in nucleotide or protein level. FoTSamnle 

^Sen^nkl/°t^P*^''t ^ = fragment whTcST'^i: 

JltiUi;^,!? "u^"" ^° ^^^^ another source. 

ma^^^iSiL^V^^^^.t"** enzymes, flouresceins etc 
may be linked to eg Fab, scFv fragments. 

35 Drod»V5nr,^^®^®"^ .'^''rf"*^°" provides a method for 
J3 producing a replicable genetic display package or 
population such rgdps of which method ccSiprL^ ?£e^|teS 

a) inserting a nucleotide sequence encoding a member of 

40 ^ni^n^t^"-- '^^'''^^"^ P^^^ ^ binding moleLJe 

within a viral genome; 

b) culturing the virus containing said nucleotide 
sequence so that said binding molecule is expressed 
and displayed by the virus at its surface 

45 c.^i^JvL'^'"®^^* Invention also provides a method for 
45 selecting a rgdp specific for a particular epitope which 
comprises producing a population of such rSIps ^ 

fSf b1SlS°'^^^^*^l ^*^P °^ selec?Z?g fo? 

stli eo^SSE IV-^^ by contac-ing the population with 
said epitope so that individual rgdps with the desired 

comprise one or more of the additional steps of- (±) 
separating any bound rgdps from the epf?|pe7 (ii 
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recovering any separated rgdps and (iii) using the 
inserted iiiicleotide sequences from any separated rgdps in 
a recombinant system to produce the binding molecule 
separate from virus, the selection step may isolate the 
5 nucleotide sequence encoding the binding molecule of 
desired specificity, by virtue of said binding molecule 
being exEiressed in association with the surface of the 
virus in vrhich said encoding nucleic acid is contained. 

The ^present invention also provides a method of 
10 producing^; ia multimeric member of a specific binding pair 
(sbp), which method comprises: 

expressing in a recombinant host organism a first 
polypeptide chain of said sbp member or a genetically 
diverse population of said sbp member fused to a 

15 component of a secreted replicable genetic display 
package (rgdp) which thereby displays said polypeptide at 
the surface of the package, and expressing in a 
recombinant; host organism a second polypeptide chain of 
said Bttul timer and causing or allowing the polypeptide 

20 chains come together to form said mul timer as part of 
said rgdp at least one of said polypeptide chad.ns being 
expressed from nucleic acid that is capable of being 
packaged using said component therefor, whereby the 
genetic material of each said rgdp encodes a said 

25 polypeptide chain. 

Both said chains may be expressed in the same host 
organism.'; 

The first and second chains of said multimer may be 
expressed as separate chains from a single vector 

30 containing their respective nucleic acid. 

At least one of said polypeptide chains may be 
expressed from a phage vector. 

At least one of said polypeptide chains may be 
express^^ from a phagemid vector, the method including 

35 using a- helper phage, or a plasmid expressing 
complemda^ing phage genes, to help package said phagemid 
genome, and said component of the rgdp is a capsid 
protein therefor. The capsid protein may be absent, 
defective or conditionally defective in the helper phage. 

40 The method may comprise introducing a vector capable 

of expressihig said first polypeptide chain, into a host 
organism which expresses said second polypeptide chain in 
free form, or introducing a vector capable of expressing 
said secdod polypeptide in free form into a host organism 

45 which exj^esses said first polypeptide chain. 

]£ach of the polypeptide chain may be expressed from 
nucleic acid which is capable of being packaged as a rgdp 
using said component fusion product, whereby encoding 
nucleic acid for both said polypeptide chains are 

50 packaged in respective rgdps . 

The riucleic acid encoding at least one of said first 
and second polypeptide chains may be obtained from a 
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° including nucleic acid encoding 

Bait f^''f?L.^ population of variants of said chainT 
nS^^,,2^= ^""^ polypeptide chains may be 

=: o*'*^^;^^^* f-O" respective said libraries of nucleic acid. 

xne presert invention also provides a method of 
producing a member of a specific binding pair (sbp) from 
JaiTin^'' ^^i"" ^^^^^^ including nucleic acid encoding 
manber or a genetically diverse population of 
said type of sbp members, which method comprises- 

^^^E"^^!^"^ ^" recombinant host cells polypeptides 
encoded by said library nucleic acid fuiSi to a 
component of a secreted replicable genetic display 

rS^iSSoi^??^ ^""^^ association Sith 

_ ^ polypeptide component of said sbp member which is 

expressed as a fusion to said rgdp component so that 
the rgdp displays said sbp member in functional form 
J K °* ^ package, said library nucleic 

acid being contained within the host cells in a form 
20 J? capable of being packaged using said rgdp 

20 component, whereby the genetic material of an rgdp 

displaying an sbp member contains nucleic acid 
SS?^?^ ^ polypeptide component 

25 d^T-,™5®f""°^®°*'^'^^ sequences for the libraries may be 
i^ Z ^""^ ^ ^^^^ cells or peripheral blood 

irdSS^'bv ^^^^^^^ively the nucleotide le^JSce 
S^ti^dr^dSg^iuSce^ mutagenesis of an existing 

30 orodun^nrt ^f^^^t ihv^tion also provides a method of 
£h??K ^k!. ""^^ of a specific binding pair (sbp) 
which method comprises: vs»opK 

f^iS^H^^^"^ recombinant host cells nucleic acid 
encoding said sbp member or a genetically diverse 

35 ™k ^""^"r °l ^^^^ ^® °^ "^e^ Wherein the or 

?h£^o?^l °^ ^ polypeptide component 

^ ^Pff ssef as a fusion with a component of 

ShfSh^^ /^P^^""^^® genetic display package (rgdp) 
which displays said sbp member at the surface of the 

40 ^""^^ encoding said sbp member or a 

?So K^Pl"" f°™P°"«^* thereof being contained within 
""^^^ ^" ^ is capable of being 

S;^^^? "^^"^ ^^^^ ^9^P component whereby the 
m^hni'' ""^^^^1 °f rgdp displaying said sbp 

member encodes said sbp member or a polypeptide 

mSnT\ '^''^^n^.' ^^^^ organisS SfSg a 

Tnlr, .K^^'^i" "^'^''^ introduces genetic diversity 
population. ^° ^^^'^ "-i^^d 

:;n "^^^ present invention also orovides a method of 

producing a member of a specific binding pair ( sbpf 
which method comprises: iscp;, 

expressing in recombinant host cells nucleic acid 
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encoding said sbp member or a genetically diverse 
population of said type of sbp member wherein the or 
each said sbp member or a polypeptide component 
thereof is expressed as a fusion with a component of 
5 a seqxeted replicable genetic display package ( rgdp ) 

whidfi displays said sbp member in functional form ar 
the surface of the package, nucleic acid encoding 
said sbp member or a polypeptide component thereof 
being contained within the host cell in a form that 
^0 is capable of being packaged using said rgdp 

comppnerit whereby the genetic material of the rgdp 
displaying an sbp member encodes said sbp member or 
a pojLypeptide component thereof/ said fusions being 
with bacteriophage capsid protein and the rgdps 
15 Joeing formed with said fusions in the absence of 

said capsid expressed in wild- type form. 
The present invention also provides a method of 
producing a member of a specific binding pair (sbp) which 
method comprises: 
20 expressing in recombinant host cells nucleic acid 

ehco||ing said sbp member or a genetically diverse 
population of said type of sbp member or a 
polypeptide component thereof fused to a component 
of a secreted replicable genetic display package 
(rgdp) which displays said sbp member in functional 
form at the surface of the package, nucleic acid 
encoding said sbp member or a polypeptide component 
ther^f being contained within the host cell in a 
f prin that is capable of being packaged using said 
30 tgdp component whereby the genetic material of the 

rgdp displaying an sbp member or a polypeptide 
compbhent thereof encodes said sbp member or a 
polypeptide component thereof, said sbp member or 
polypeptide component thereof being expressed from a 
3^ phag^mid as a capsid fusion, and a helper phage, or 

a plasmid expressing complementing phage genes, is 
used along with said capsid fusions to package the 
- phagemid nucleic acid . 

The library or genetically diverse population may be 
40 obtained f rom : 

( i ) the repertoire of rearranged immunoglobulin 
genes of an animal immunised with complementary 
sbp member, 

( ii ) the repertoire of rearranged immunoglobulin 
genes of an animal not immunised with 

\ complementary sbp member, 

(iii) a repertoire of artificially rearranged 
immunoglobulin gene or genes 

(iv) a repertoire of immunoglobulin homolog gene or 
50 genes; or 

(v) a mixture of any of (i), (ii), (iii) and (iv). 
The ; capsid protein may be absent, defective or 
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conditionally defective in the helper phage, 
acid. diversity into the sop member nucleic 

5 The sbp member may comprise a domain which is or- i« 

homologous to, an immunoglobulin domain!^ ' 

The rgdp may be a bacteriophage the ho<5r a 
bacterium, and said component of thl ^-rrH., 

thereof^ bff^ertS if«>nJ^„I?^««P*^^ <=^ 
.»tur. capsld protein dolS^ ^eJS^™" ?Ld^? 

flanki^T ™e in^eUi™"",V= ""^^ sequences 

35 Cleavage' Site as"\1Si°i„=Ag%°"'' """^""^ ^ 

sho.n"in"?i°gS:;"'4%,B'''L,"c''?^".' ™<=i««ide sequences 
used to fl^ ^''^J!.:^n^^L'^^„:^^ S 
40 ^Li^I^^i,:!^'"-^^ " nucleL"'Si^d'^'=co'd^s' 2 

The host may be E.coli. 

suppressive translaticnal st^cSdS » 

provi^L-nrvirst^isSror^'iteSri^^^^^^ 

Jin^inTrie^xl^Tt?- tS 

»rqi4^- i.-dd'~nxS£€ 
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or screened to provide an individual sbp member or a 
selected mixed population of said sbp members associated 
in their respective rgdps with nucleic acid encoding said 
sbp member or a polypeptide chain thereof. The rgdps may 
~ be selected by affinity with a member complementary to 
said sbp member* 

Any rgdps bound ro said second member may be 
recovered by washing with an eluant. The washing 
conditionjs may be varied in order to obtain rgdps with 
10 different binding affinities for said epitope, 
Altemativeil^, to obtain eg high affinity rgdps, the 
complementary member (eg an epitope) may be presented to 
the population of rgdps (eg pAbs) already bound to a 
binding number in which case pAbs with a higher affinity 
15 for the epitope will displace the already bound binding 
member. Thus the eluant may contain a molecule which 
competes with said rgdp for binding to the complementary 
sbp member. _ The rgdp may be applied to said 
complementary sbp 'member in the presence of a molecule 

20 which competes with said package for binding to said 
complementary sbp member. Nucleic acid derived from a 
selected pr screened rgdp may be used to express said sbp 
member or a fragment or derivative thereof in a 
recombinant host organism. Nucleic acid from one or more 

^5 rgdps may be taken and used to provide encoding nucleic 
acid in a further said method to obtain an individual sbp 
member or a mixed population of sbp members , or encoding 
nucleic adid therefor. The expression end product may be 
modified to produce a derivative thereof. 

The expression end product or derivative thereof may 
be used to prepare a therapeutic or prophylactic 
medicament or a diagnestic product. 

The present invention also provides recombinant host 
cells harbouring a library of nucleic acid fragments 

i5 comprising fragments encoding a genetically diverse 
populatictfi of a type of member of a specific binding pair 
(sbp), each sbp member or a polypeptide component thereof 
being expressed as a fusion with a component of a 
secretable replicable genetic display package (rgdp), so 

-iO that said sbp members are displayed on the surface of the 
rgdps in functional form and the genetic material of the 
rgdps encode the associated sbp member or a polypeptide 
component thereof- The type of sbp members may be 
immunoglobulins or immunoglobulin homologs, a first 

-15 polypeptide chain of which is expressed as a said fusion 
with a component of the rgdp and a second polypeptide 
chain of which is expressed in free form and associates 
with the fused first polypeptide chain in the rgdp. 

The; present: invention also provides a helper phage 

r^O whose genome lacks nucleic acid encoding one of its 
capsid p3rpteins , or whose encoding nucleic acid therefor 
is conditionally defecrive, or which encodes said capsid 
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protein m aefecUxve or conditionally defective form. 
r.«n P^®^®"'^ invention also provides a bacterial host 

f rin?",''^^"^"^. ^ ^^l^entous phage genome deflcSve fS 
^.rSfi thereof and wherein the host cell i^ 

dS^t s°uch^^t?a?^"-^ /^^^"'^ P^"^^" complementing saS 
sucn that infectious phage particles can b*. 
oDtamed tnerefrom. The complem^ntZng Lpsid protSn mly 
be expressea in said host from another vector SnSinS 
SaS^d "^^^^^^^-^ ^apsid protein marS geS"SrS 
phage fd ^^^^^n?'"^''^^^ filamen?ouS phage! 

E coir?Gl'^SIS? „r?rr^°? provides recombinSnt 

t.coj.1 itx M13K07 gill No. 3 (NCTC 12478) 

The present invention also provides a ohaoe antiborfv 

"^^"^ °^ ^ ^epiicable%enetic display ^J^oe 

a functional form a me^l^ S 

?her^f . ° ''^''^'■''^ P^^^ °^ ^ specific binding doLS 
ani-Shr^li?'^ ^""^ methods, the binding molecule may be an 

receptor or fragment, derivative or analoque of anv sunh 
^^y'Te^S Alternatively, the Siding ^L^^ 

u w «>e«>ber of an immunoglobulin suDerf amiiv 
J*x^toa . structural fonn baled on V"SSj^i5.u!S 

THe invention also includes -Fr^-r^ • ^ 

or?Miica^fon^.'^'^'°'', "^^^ Tpicaily have an orlgS 

* restriction sites in the vectors are preferablv 
s^Si^es.'""^^^ "^'^^ '^"^ in protlS^SS?;^ 
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The kit preferably includes a phaoemid vector- ^Mr^h 

Se'^a'^ite'Lr"^"" characteristics' ormay "conta'in^^'Sr 
nave a site ror insertion, of sbp member nucleic acid fc»- 
expression of the encoded polypeptide in ?rSe ^SrS 
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The kits Will also contain ancillary components 
required for carrying out the method, the nature of such 
components; depending of course on the particular method 
employed. \ 

5 Useful ancillary components may comprise helper 

phage, PGR primers, and buffers and enzvmes of various 
kinds. . 

PGR primers and associated reagents for use where 
the sbp members are antibodies may have the followina 
10 characteristics: 

(i) primeirs haying homology to the 5' end of the sense 
or anti-sense strand of sequences encoding domains 
of antibodies; and 

(ii) primers including tag sequences 5' to these 
lo homologous sequences Which incorporate restriction 

sites to allow insertion into vectors; together with 
sequences to allow assembly of amplified VH and VL 
regicans to enable expression as Fv, scFv or Fab 
fragments. 

20 Buffers and enzymes are typically used to enable 

preparation of nucleotide sequences encoding Fv, scFv or 
Fab fragments ^derived from rearranged or unrearranged 
immunoglobulin genes according to the strategies 
described herein. 

The applicants have chosen the filamentous F- 
specif ic bacteriophages as an example of the type of 
phage which could provide a vehicle for the display of 
binding molecules e.g. antibodies and antibody fragments 
and derivatives thereof, on their surface and facilitate 
30 subsequent selection and manipulation. 

The F-specific phages (e.g. fl, fd and M13) have 
evolved a method of propagation which does not kill the 
host cell and they are used commonly as vehicles for 
recombinant DNA (Romberg, a., DNA Replication, w.H. 
35 Freeman and Co., San Francisco, 1980). The single 
stranded DNA genome (approximately 6.4 Kb) of fd is 
extruded through the bacterial membrane where it 
sequesters capsid sub-units, to produce mature virions. 
These virions are 6 nm in diameter, Ipn in length and 
each contain approximately 2,800 molecules of the major 
coat protein encoded by viral gene VIII and four 
molecules, of the adsorption molecule gene III protein 
(g3p) the latter is loca:ted at one end of the virion. 
The structure has been reviewed by Webster et al. 1978 
45 in The Single Stranded DNA Phages, 557-569, Cold Spring 
Harbor Laboratory Press. The gene III product is 
involved in the binding of the phage to the bacterial F- 
pilus. 

Although th^se phages do not kill their host during 
50 normal reg^lication, disruption of some of their genes can 
lead to cell death (Romberg, A., 1980 supra.) This 
places some restraint on their use. The applicants have 
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°' ^ attractive 

?n^f ^ ^""^ insertion of biologically active 

stlti^J^^f' ''^^''^ however, other can^SaS 

sites including for example gene VIII and gene VI 

r,h»« protein itself is only a minor component of the 

Chem. 26-^* ii^iR -d-^ooA o /JJ ' 1988, j. Biol, 

display W-p4li^;s'^l^'-^ ^^,-2, 

IdaAtivLi 1„ u'^'^ structure of the protein is 

bJr??^th,K"i!5''t*y confined to whole IroteinJ 

al^LSllS %h.J ^ sequence that Smith et 

" t^^J^f — 

112^^;. •*. ^J*- 1'^= supra. This would iicoS 

ii&tivitv Of ■ . although tS 

(Prat^^-Tiri^ S'=4?-l3!=lJStfTr 



wo 92/01047 



PCr/GB91/01134 



20 



et al.> 1981, J. Biol. Chem. 256 : 539-546 and Armstrong, 
J. , e-t ai. , PEBS Letrt . 135: 167-172 1981 . ) including: ( i ) 
a signal seqiaence that directs the protein to the cell 
- membrane and which is then cleaved off; (ii) a domain 
5 that anchors the matiire protein into the bacterial cell 
membrane (and also the phage coat); and (iii) a domain 
that specifically binds to the phage receptor, the F- 
pilus pf the host bacterium • Short sequences derived 
from protein molecules have been inserted into two places 
10 within tl^e mature molecule ( Smith , G . , 1985 supra . , and 
Parmley> S.F. and Smith G.P., 1988 supra.)- Namely, into 
an inter-domain region and also between amino acids 2 and 
3 at the N- terminus. The insertion sites at the N- 
terminus were more successful in maintaining the 
15 structural integrity of the gene III protein and 
displaying the peptides on the surface of the phage. By 
use of aritisera specific for the peptides, the peptides 
inserted into this position were shown to be on the 
surf ace of the phage. These authors were also able to 
purify the phage, using this property. However, the 
peptides expressed by the phage-, did not possess 
measurable biological functions of their own. 

Retaining the biological function of a molecule when 
it is expressed in a radically different context to its 
25 natural state is difficult. The demands on the structure 
of the n^lecule are heavy, in contrast, retaining the 
ability to be bound by specific antisera is a passive 
process which imposes far less rigorous demands on the 
structure of the molecule. For example, it is the rule 
rather than the exception that polyclonal antisera will 
recognise totally denatured, and biologically inactive, 
proteins on Western blots (see for example, Harlow, E. 
and Lane, D-, Antibodies, a Laboratoiry Manual, Cold 
Spring Harbor Laboratory Press 1988). Therefore, the 
35 inserrion of peptides into a region that allows their 
structure to be probed with antisera teaches only that 
the region allows the iiiserted sequences to be exposed 
and does not teach that the region is suitable for the 
insertion of large sequences with demanding structural 
40 constraints for the display of a molecule with a 
biological or binding function. In particular, it does 
not teach that domains or folded units of proteins can be 
displayed from sequences inserted in this region. 

Thii& experience with Western blots is a graphic 
45 practical demonstration which shows that retaining the 
ability to be bound by specific antisera imposes far less 
rigorous demands on the structure of a polypeptide, than 
does folding for the retention of a biological f unction - 

Studies have been carried out, in which E.coli have 
been manipulated to express the protein p-adranergic 
receptor as a fusion with the outer membrane protein 
lamB. The p-adrenergic receptor was exoressed in a 
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The applicants have investigated the ooscs-i h-i m^, 

to express a large fusion protein ae f<i 
the previous discussion >?fo apparent from 

demands on tL f 4«io^Sii'itv of thF^°^ "^^^ 

Resistance to thi iSfe«ed E co?i ^0^^"%^="'^^'=^=^^"^ 
Chose to insert after the ^iTS^. applicants 

III protein ^r siferal °* 
25 applicants chose insert 3°^; amJn. ''^"i''"^^^' 

mature protein to retf^T i-nf ^^^'^ ^ °^ 

peptidase cleivage! To ?£:ai^ thfS^*^ ^^^^^ 
of gene III itself t-ho n? structure and function 

acids tri syith^L^d ^f^^^^^'^ ^^ original amino 

sequences ^e ^^Sfr^-Zn^ inserted immunoglobulin 

deSignS io iSudrS2?duerf'?om^\h'L"^i^ 
links VH-VL to CTl-CL 7t»«u f switch region that 

335, 188-190 1988) ' *' Chothia, C, Nature 

receptor molecules wh7To^ antibody, enzyme, and 
ot Phages nofSiSSJ^kS^sScfSSS" '™ ^ "ad.gro^d 

al., 1989 supra- Chh;„ V f^P""^' ^^^^^k, J.W., et 



30 



35 



40 



wo 92/01047 



PCr/GB91/01134 



Sastry, L. , et al,, 1989 supra.; or by novel linkage 
strraregies described in examples 14, 33, 40 and 42 • 
Novel strategies are described in examples 7, 25, 33, 39 
and 40 for displaying dimeric molecules eg Fab and Fv 
5 fragments on the surface of a phage - Each individual pAb 
in the resulting library of pAbs will express antibodies 
or antibody derived fragments that are monoclonal with 
respect to their antigen-binding characteristics. 

The disclosure made by the present applicants is 
10 important and provides a significant breakthrough in the 
technolocfy relating to the production of biological 
binding molecules, their fragments and derivatives by the 
use of recombinant methods. 

In standard recombinant techniques for the 
15 producticm of antibodies, an expression vector containing 
sequences coding for the antibody polypeptide chains is 
used to transform e.g. E.coli. The antibody polypeptides 
are expressed and detected by use of standard screening 
systems. When the screen detects an antibody polypeptide 
20 of the desired specificity, one has to retxim to the 
particular transformed E.coli expressing the desired 
antibody polypeptide. Furthermore, the vector containing 
the coding sequence for the desired antibody polypeptide 
then has to be isolated for use from E.coli in further 
25 processing steps. 

In the present invention however, the desired 
antibody polypeptide when expressed, is already packaged 
with its gene coding sequence. This means that when the 
an antibody polypeptide of desired specificity is 
30 selected, there is no need to return to the original 
culture for isolation of that sequence. Furthermore, in 
previous methqids in standard recombinant techniques, each 
clone expressing antibody needs to be screened 
individually. The present application provides for the 
35 selection of clones expressing antibodies with desired 
properties and thus only requires screening of clones 
from an enriched pool . 

Because a rgdp (eg a pAb) is a novel structure that 
displays a member of a specific binding pair (eg. an 
40 antibody of monoclonal antigen-binding specificity) at 
the surface of a relatively simple replicable structure 
also containing the genetic information encoding the 
member, rgdps eg pAbs, that bind to the complementary 
member of the specific binding pair (eg antiaen) can be 
45 recovered very efficiently by either eluting off the 
complementary member using for example diethylamine, high 
salt etd and infecting suitable bacteria, or by 
denaturing the structure, and specifically amplifying the 
sequences encoding the member using PGR. That is, there 
30 is no necessity to refer back to the original bacterial 
clone that gave rise to the pAb. 

For some purposes, for example immunoprecipitation 
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and some diagnostic tests, it is advantaqeous to use 
iniSiJ^Jn"- " ^^ibody fragments? p^esS? 

xnventxon allows this to be achieved by either selection 
of an enriched pool of pAbs with desired properties S by 
0 maxang individually isolated clones with des f red 
pr^erties. The antibodies or antibody Sajne^^s mSy 
i^^i^H ^P^^=f«* soluble form if desired: Such a 
selected polyclonal pAb population can be grown ftroS 
10 b2£i3«°^ containing phag^Tds^ 

10 bacteria expressing soluble fragments derived from thi 
selected polyclonal population. Thus a reaaen? 
bf^SiSLS/ antiserum is created whlcSfcS^ 

Si^ho^isTof" aSals?" """"'^ manufactured in culture 
15 SELECTION FORMATS AND AFFINITY MATURATION 

speciSS^j'^Pn^i^o^,??^ P"^^ expressing the desired 
^.w^ ^ antigen, can be isolated from the 

JeSil'ioe^';^"''^ ''^^''^ conventional scrlenini 

techniques (e.g. as described in Harlow E anrt 7a«= 
20 D., 1988, supra Gherardi, E et al. ?99G j 

meth. 125 p61-68). Immunol. 

«oi<»^3?® applicants have also devised a series of novel 
selection techniques that are practicable only becauslof 
25 iom."^^^ properties of rgdps. The genera/ JutSS of 
25 some screening procedures is illustrated in ficmre 2 
using PAbs as an example type of rgdp rigure 2 

be a^LiSi'-^^i^^'-'^''^ °J *° screened could 

c?eat^ vif^r J^'^J^^ °^ other animals; or be 

SreSLd'lf on?^r^°"^ This "^pSulSf 'ca^Je 

fh^* ^ °^ "^^^ °* t^^e formats described below 
niS ^^^^^e to figure 2, to derive those irSvSual 
J^p J^f^ ^"^^^^ ^'^"''^"^ properties are diff^fir^ 

Binding Elation 

40 surfaci^®) ILV J^^^ ^"^^^'^ ^'O""*^ *° ^ solid 

^o^Jf^-^K^ ^ surface (s) may be provided by a 

l?S TH ' '^^f'-^.tography beads, magnetic beads and the 
P°P;'i^*ion/library of pAbs is then passeS ove? 
the ag, and those individuals p that bind are retained 

45 J^sSmT^*1^'^H%^.^- °P*i°naily detected wi4 dSSSon 

5 iTlustrat/d fn*"" ^^""^ "'^^^'^ "P°" ^^i-^'J antisera 
iS illustrated in more detail below in examnle 4 if 

samples of bound population p are ^e^ved undeJ 

increasingly stringent conditions, the biiSSg affinity 

represented in each sample will increase. ^ndi?iSs S 

50 increased stringency can be obtained, for i^p^^^^ it 
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Compe-tl-tibn 

Referring to figure 2(ii) antigen ag can be 
bound to a solid support s and bound to satiiration by the 
original binding molecule c. If a population of mutant 
5 pAb (or a set of unrelated pAbs) is offered to the 
complex/ only those that have higher affinity for antigen 
ag than G will bind. In most examples only a minority 
of population c will be displaced by individuals from 
population p. If c is a traditional antibody molecule, 

10 all bound material can be recovered and boimd p recovered 
by infecting suitable bacteria and/or by use of standard 
techniques such as PCR« 

An advantageous application is where ag is used as a 
receptor and c the corresponding ligand. The recovered 

15 bound poptilatidn p is then related structurally to the 
receptor binding site/and or ligand. This type of 
specificity is known to be very useful in the 
pharmaceutical industry. 

Another advantageous application is where ag is an 

20 antibody and c its antigen. The recovered bound 
population p is then an anti-idiotype antibody which have 
numerous uses in research and the diagnostic and 
pharmaceutical industries. 

At present it is difficult to select directly for 

25 anti-idiotype antibodies. pAbs would give the ability to 
do this directly by binding pAb libraries (eg a naive 
library) "to B cells (which express antibodies on their 
surface) and isolating those phage that bound well. 

In some instances it may prove advantageous to pre- 

30 select population p. For example, in the anti-idiotype 
example above, p can be absorbed against a related 
antibody that does not bind the antigen. 

However, if c is a pAb, then either or both c and p 
can advantageously be marked in some way to both 

35 distinguish and select for bound p over bound c. This 
marking can be physical, for example, by pre-labelling p 
with biotin; or more advantageously, genetic. For 
example, c can be marked with an EcoB restriction site, 
whilst p can be marked with an EcoK restriction site (see 

40 Carter, P. et al., 1985, Nucl. Acids Res. 13, 4431-4443). 
When bound p+c are eluted from the antigen and used to 
infect suitable bacteria, there is restriction (and thus 
no growth ) of population c (i.e. EcoB restricting 
bacteria in this example). Any phage that grew, would be 

45 greatly enriched for those individuals from p with higher 
binding affinities. Alternatively, the genetic marking 
can be achieved by marking p with new sequences , which 
can be used to specifically amplify p from the mixture 
using PCR- 

50 Since the bound pAbs can be amplified usi.ng for 

example PGR or bacterial infection, it is also possible 
to rescu^ the desired specificity even . when insufficient 
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teSS^S^ ^""^ ^° detection via conventional 

r,^^ preferred method for selection of a phage 

displayxng a protein molecule with a desired specificity 
S?i-H "^^-^ elution from an affinity matrS 

a^i^gand (eg example 21). Elution with increasing 
concentrations of ligand should elute phage displaying 
. Sl^K°l^°"i^^ °^ increasing affinity. However, w^S 
in ^ /.J^ ^"-"^ *° antigen with high affinity or 

10 avxdxty (or another protein to its binding pSSt^) 11 
may not be possible to elute the pAb from In afSniJy 
matrxx with molecule related to the antigen 

mi^^^^f ^^tl^' ''''^ "° suitable specif ic e^u«.ng 

molecule that can be prepared in sufficiently high 

S?;:^?;;''''"!^'':, "^"^^^ ^^^^^ necessary to use In 

''^^''^ specific to eg Se antige^ 

antibody complex. Some of the non-specific elulion 
methods generally used reduce phage viabilily Jo? 
instance phage viability is reduced with time at pH12 
20 Rossomando, E.F. and Zinder N.D. J. Mol.Biol. 36 ¥87-399 
and iff J?S^ ""f^- interactions between eg antibodies 
and affinity matrices which cannot be disrupted without 
^Si^*-^^ removing phage infectivity. In thSe SsS a 
25 3?!^^^^^ required to elute phage which does not rely on 

antibody - antigen interaction. A 
S^u^r,^!^ therefore devised which allows elution of 
bound pAbs under mild conditions (reduction of a dithiol 
group with dithiothreitol) which do not disrupt niSoe 
structure (example 47). aisrupt pnage 

elution procedure is Just one example of an 
tmt^^ procedure under mild conditions. A particular^ 
^""^^ """^'^ ^ ^° introduce a nucleotSS 
sequence encoding amino acids constituting a recognition 

l^l fS^i^^^^""^^^- ^ '^^^^^^y specific p?otease SiweS 
i^Jn-Sn^^ inserted, in this instance a gene for an 

??? ^"9"^*' ^ the sequence of the r^ainder Sf 

F^al x\rS'T>F^^l°^ ^^^^^ specific proteases are 

Factor X and thrombin. After binding of the phage to an 

40 SfnH%n„''^K"'^''''^n, elution to remove non-fpec?fIS 

ni^^t^ k""* binding phage, the strongly bound 

phage would be removed by washing the colunm with 
protease under conditions suitable for digestioTlt tS 
fiSr^r ^t'^^' antibody fra^; 

45 t^lA hJ^^^ particle eluting the phage. These ^hage 
n^o^io T^^T"^^. ^° infective, since the only 

I??onalv ^Tr.^^'^'^'-^J^ "^"^^ "'^^ specifically introduced! 
fjff^^-^ binding phage could then be recovered by 
infecting eg. E.coli TGI cells. vcxbu ny 

cr, ^ alternative procedure to the above is to take the 

50 affinity matrix which has retained the stro^Jly b^m^d Sb 
and extract the DNA, for example by boiling in ISs 
solution. Extracted DNA can then be used directl? 
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transfonq E.coli host cells or alternatively the antibody 
encoding sequences can be amplified, for examole using 
PGR with suitable primers such as those disclosed herein, 
and theiv inserted into a vector for expression as a 
5 soluble antibody for f ixrther study or a pAb for further 
rounds of selection. 

Another preferred method for selection according to 
affinity -would be by binding to an affinity matrix 
containing low amounts of ligand. 

If one wiishes to select from a population of phages 
displaying a protein molecule with a high affinity for 
its ligand, a preferred strategy is to bind a population 
of phage to an affinity matrix which contains a low 
amoimt of ligand. There is competition between phage, 
15 displaying high affinity and low affinity proteins, for 
binding to the ligand on the matrix. Phage displaying 
high affinity protein is preferentially bound and low 
affinity protein is washed away. The high affinity 
protein is then recovered by elution with the ligand or 
20 by other procedures which elute the phage from the 
affinity matrix (example 35 demonstrates this procedure). 

In summary then, for recovery of the packaged DNA 
from the affinity step, the package can be simply eluted, 
it can be eluted in the presence of a homologous sbp 
25 member which competes with said package for binding to a 
complementary sbp member; it could be removed by boiling, 
it could be removed by proteolytic cleavage of the 
protein; and other methods will be apparent to those 
skilled in the art eg. destroying the link between the 
30 substrate and complementary sbp member to release said 
packaged PNA and sbp member. At any rate, the objective 
is to obtain the DNA from the package so that it can be 
used directly or indirectly, to express the sbp member 
encoded thereby. 
35 The efficiency of this selection procedure for pAbs 

and the ability to create very large libraries means that 
the immunisation techniques developed to increase the 
proportion of screened cells producing antibodies of 
interest will not be an absolute requirement. The 
40 technique allows the rapid isolation of binding 
specificities eg antigen-binding specificities, including 
those that would be difficult or even unobtainable by 
conventional techniques, for example, catalytic or anti- 
idiotypic antibodies. Removal of the animal altogether 
45 is now possible, once a complete library of the immune 
repertoire has been constructed. 

The novel structure of the pAb molecule can be used in a 
number of other applications, some examples of which are: 
Signal Amplification 
50 Acting as a novel molecular entity in itself, rgdps 

eg pAbs combine the ability to bind a specific molecule 
eg antigen with amplification, if the major coat protein 
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^^=l.f^ attach another moiety. This moiety can be 
t^^l J"-^ nmnunological, chemical, or any other means 
® example, to label the complex with 

5 or ^vitro^^^^*^ °^ cytotoxic molecules for use in vivo 
Physical Detection 

The size of the rgdps eg pAbs can be used as a 
H^l^'L-P^^'^i^^y respect to physical methods of 

detection such as electron microscopy and/or some 
10 biosensors, e.g. surface plasmon resonance. 
Diagnostic Assays 

The rgdps eg pAbs also have advantageous uses in 
^^^^^1k Pa"iC"iarly where separation can be 

15 SfJS^I ^^^^ x!*'®'-'' Piiysical properties for example 
15 centrifugation, filtration etc. 

In order that the invention is more fullv 
understood, embodiments will now be described in morJ 
itmfiL,^^ °J example , only and not by way of 

limitation with reference to the figures described below. 

,«^.^kS^®, ^ structure of the simplest 

antibody molecule igG. -■^yj-tsat 

„h,„K^'^?^T^ ^ schematically selection techniques 

1 ff ^ unique properties of pAbs; 21) shows a 
binding/elution system; and (21i) shows a competition 
(P=PAb; ag-antigen to which binding by pS, is 
required; c-competltor population e.g. antibody, pAb 
ligand; s=substrate (e.g. plastic beads^eto); d°dJte«?SA 

^^9"^® 3 shows the vector fd-tet and a scheme for 

°* °" °^ vectors, fdTPs/Bs (for insertion of 

^F^^r.rr^^^'^^^ ^ fdTPs/Xh for the insertion of 
scrv coaing sequences. 

Figure 4 shows the nucleotide sequences for the 

35 °^^9°'»"°i^«°*ides and vectors. All sequenSs are dr^wn 5 • 
to 3 and are numbered according to Beck et al., 1978 
af^^. l'f- "^^"^ ^^^495-4503. 4.1 shows the sequences 
fL?f °i^eronucleotides used for mutagenesis (oligo's 1 
SS^t:hi«'JL^^*^^"°^^ sequences shown were 

40 ^ Applied Biosystems, oligonucleotide 

SS?^ i-''^^ complementary to the single stranded 

form of fd-tet (they are in the anti-sense form with 
respect to gene III). 4.2 shows the sequences of the 
JSfto"^ constructs around the gene III insertion site. 

45 '^'^ ^ se^® orientation with 

f= *° fd-tet (and fdT6Bst) (B) 

Stfff; fC^/'^'^P^/"^- The key restriction enzyme 

sites are shown along with the immunoglobulin amino acids 
contributed by the vectors, (amino acid sii^^ leSe? 
code IS used, see Harlow, E., and Lane, D., 1988 supra.). 

3U Figure a shows the nucleotide and amino acid 
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sequences for scFv in the vector' sc^FvDl* 3 SJc?° tSs 
gives the sequence of the anti-lysozyme single chain Fv 
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and surroundiiig sequences in scFvDl.3 myc, showing the N- 
trerminal peil B signal peptide sequence and the C- terminal 
myc tag sec[uehce ( Ward, E.S., et al,, 1989, supra. ). 
Also shorn is the peptide siequence linking the VH and VL 
5 regions. The amino acid sequence is represented above 
the nucleotide sequence by the single letter code, see 
Harlow, B., and Lane D., 1988 supra. 

Figure 6 shows the binding of pAbs to lysozyme and 
the e£feot: of varying the amount of supernatant. Each 

10 point is the average of duplicate samples. Lysozyme was 
coated at 1 mg/ral In 50 mM NaHC03 . 

Figure 7 shows the effect of varying the coating 
concentration of lysozyme or bovine serum albumin on the 
binding of pAbs to lysozyme in graphical form. Each 

15 point is the average of duplicate samples. 

Figiire 8 shows the sequence around the cloning site 
in gene HI of fd-CAT2 . Restriction enzyme sites are 
shown as well a^ the amino acids encoded by antibody 
derived sequences . These are flanked at the 5' end by 

20 the gene V III signal peptide and at the 3' end by 3 
alanine residues ( encoded by the Not 1 restriction site ) 
and the jiiemainder of the mature gene III protein. The 
arrow shows the cleavage site for cutting of the signal 
peptide. 

25 Figure 9 shows the binding of pAb (1.3) to 

lysozymes. Binding of phage as detected by ELISA to (a) 
hen egg -^white lysozyme (HEL) (b) turkey egg-white 
lysozyme (TEL), (c) human lysozyme (HUL), (d) bovine 
serum albuipih (BSA). A further control of (e) fdTPs/Bs 

30 to HEL. 

Figuire 10 shows a map of FabDl-3 in pUC19. 
Figure 11 shows the ELISA results providing a 
comparison of lysozyme-binding by phage-Fab and phage- 
scFv. VeQtor=fdCAT2 (example 5); fdscFv(OX)=pAbNQll 

3 5 ( Example 9 ) ; f dVHCHI ( Dl . 3 ) -grown in normal cells (i.e. 
no L chain, see example 7); fdFab(D1.3) i.e. fdVHCHl 
( Dl . 3 ) grown in cells containing Dl . 3 L chain ; f dscFv 
(D1.3)=pAftpi.3. 

Figiwre 12 shows oligonucleotide probing of affinity 

40 purified phage. lO^^ phage JLn the ratio of 1 pAb {D1.3) 
in 4 X 10^ fdTPS/Bs phages were affinity purified and 
probed with an oligonucleotide specific for pAb (D1.3) A 
is a fil-ter after one round of affinity purification (900 
colonies .jtotal) and B is a filter after two rounds (372 

45 colonies total)* 

Figure 13 shows the sequence of the anti-oxazolone 
antibody fragment NQll scFv. The sequence contributed by 
the linker is shown in the lower case. The sequence for 
VH is before the linker sequence and the sequence for VL 

50 is after the linker. 

Figiire 14 shows the ELISA results for binding pAb 
NQll and pAb D1.3 and vector fdTPs/xh to specified 
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an-tigens 



insertiST^n 1 sequence surrounding the phoA 

Sr^TiS? fd-PhoAlal66. The restriction sites used 
for cloning are shown, as well as the amino acids encodS 

aLds'^f^rma^Si^'^^-^^°" The first Ifvr^ 

acias Of the mature fusxon come from gene III. 

Figure 16(1) shows the structure of aene TTT ^,nH ^">,« 
native BainHI site into which a ^^s^^ 

° ISJ'SdiJf^quSSs.^ ^ " 

asse^^tr^f ^Lu^''"vl'*^d"*i°t?^^ protocol for pgr 

disS^fdel^iS^rL ^SaiSfe P^-^e 

Qhtalnl?"ffi.h^!K examples of the final products 

obtained with the procedure of example 14 Lanes a anrt k 
1^1."^% products of the initial ""rcR usiirteaV^ 
light chain primers respectively; lane c stoJJ Se 
complete assembled 700bp product before final 

Sfh/?i *»\«®,P^^ ladder (BRL Limited, P.O. Box li 
Washington Road, Paisley, Scotland) respe^ively 
PDGFB R^«^ ^^"^ binding of IZSi.pDGF.el'to fd h- 

tS^ips/^ai "^"^P^^^P^^^^or, assay and comparison 
TO roTPs/Bs and no phage controls? binding is exoressed 

Figure 20 shows the displacement of 125T>pnf3p_RB 
bound to fd-h-PDGFB-R phage using tmlSbelled 
measured using an immunoprecipitatiln SstS^ ^indS^J is 
S'Sn^c^aSiSr^*^^ °^ 125ip,/piSf SId2 

Figure 21 shows the displacement of 125T_pnGP>BR 

raeasurea using an xmmunoprecipitation »<3c:;txr 
specific binding of 125i.pnsl-BB lo^S^ ^'fdlPs^; 
inUM^^ence of added unlabelled PDGF .ras'^dJSciS fiSS 

D1.3 as described in examole 17 Tho pttch t Y 

as^cTibad i„ e^IeT',fi4'-™S?i^^r^"^?SS^^ 

-.iyIdSrci?nes*"^^ed^?Ta^^^ ""l? 

SS^? S^^. ^ antibody genes derived f^ an iSs2 
mouse; are digested with BstNl. j-miuunisea 

50 from '^Ui^^rleT it^rJ^ ^1^^^?^ 

hierarchical library in exampir22 example 21 and the 
Figure 25 shows a matrix of ELISA signals for clones 
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derived from random combinatorial library. Designalrlon 
of the clones is as in figure 24. The number of clones 
found with each combination is shown by the numerals . 

Figure 26 shows a ) the phagemid pHENl a derivative 
5 of pUC119 described in example 24; and b) the cloning 
sites in the phagemid pHEN. 

Figure 27. The antibody constructs cloned into fd- 
CAT2 and: pHENl for display on the surface of phage. 
Constructs 1/ II, HI and IV were cloned into both fd- 
10 CAT2 (as ApaLI-NotI fragments) and pHENl (as Sfil-NotI 
fragments ) and pHENl (as Sfil-NotI fragments). All the 
constructs contained the heavy chain (VH) and light chain 
(VK) variable regions of the mouse anti-phOx antibody 
NQ1Q,12.5- The constant domains were human CK and CHI (y 
15 1 isotype). 

Figure 28. Three ways of displaying antibody 
fragments on the surface of phage by fusion to gene III 
protein. 

Figure 29. Western blot of supernatant taken from 
20 pHENl-II(+) or pHENl(-) cultures in E.coli HB2151, 
showing secretion of Fab fragment from pHENl-II only. 
The anti "-human Fab detects both H and L chain. Due to 
the attached c-myc tag, the L chain, highlighted by both 
anti-c-myc tag aind anti -human CK antisera, is slightly 
25 larger (calculated Mr 24625) than the H chain (calculated 
Mr23145). 

Figure 30 is a plot showing the effect of lysozyme 
dilution on ratio of ELISA signals obtained using pAbDl.3 
or soluble scFv D1.3- 

30 Figure 31 is a plot showing the effect of lysozyme 

dilution on ELISA signals obtained using fdTscFvDl.3 and 
soluble scFvDi.3. 

Figure 32 is a plot showing positive results from an 
ELISA screen of phage displaying scFv fragments derived 

35 from the cell line 013 which express a monoclonal 
antibody directed against oestriol. 

Figtxre 33 is a plot showing positive results from an 
ELISA screen of phage displaying scFv fragments derived 
from the; cell line 014 which express a monoclonal 

40 antibody directed against oestriol . 

Figure 34 is a Western Blot showing expression of the 
alkaline phosphatase-gene 3 fusion. 16]xl of 50 fold 
concentrate of each phage sample was detected on western 
blots with either anti-gene 3 antiserum (e-f ) or with 

45 anti-alkaline phosphatase antiserum (c-f ) 

a) fd-phoAlal66 grown in TGI cells 

b) fd-pboAlal66 grown in KS272 cells 

c) fdCCAT2 grown in TGI cells 

d) fdCAT2 grown in TGI cells, mixed with 13 ng of 
50 purified alkaline phosphatase 

e) fd-phoAlal66 grown in TGI cells 

f ) fdCAT2 grown in TGI cells. 
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Figure 35 Is a Western Blot showing ultrafiltration of 

(^elVes^e^fna °^ /° concentrate of pSage 

t representing Sails of culture sunernaf an+- » 

5 ^*n«/"^^i^ "Itraflltration SS^ra^es wi?h 

western blots of flow through and retentate fr^r^iJZl 

10 A. Phage were grown in TGI cells 

before ultraflltrS^ (Short eK^sii). b) IdlgSSJiaile 
before ultrafiltration. c) fd-S!oAlal66 WT^^fi 
retained on ultrafiltration membrai».^ material 
B. Phage were grown in KS272 cells nhn&i^iAc 

through from sample d. »a«npiB a. f ) Flow 

. ^^9^^36 Electrophoresis of samples from staaes of 
?«h^,"°°^^y- different sta|S in ?hl pS 

IS^J^ff^^^ process described in eiSipfe 33 w^S 
I^S^ *° electrophoresis on a 1% TAB-agLose oS 
Samples from a comparable scFv assembly oroSSs fas 

^ ""'^ con^lson/^SSriil? S 

WCHl " Markers 

sequences encoding VHCHl domains 
30 VKCK amplified by PCR 

sequences encoding VKCK domains 
_^ amplified by PCR 

f assembly reaction performed 

in absence of linker 
35 " assembly reaction 

product VHCHl plus VKCK plus 

linker 

^ - Markers 

sequences encoding VK domain 
40 VL amplified by PCR 

sequences encoding VH domains 
_ amplified by PCR 

scPv assembly reaction in 
absence of linker 

45 " ^^^^ assembly reaction in 

„ presence of linker 

" = Markers 
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m -a li^^ Comparison of ELISA signals with scFv 

pi. 3 cloned in fd-CAT2 (fd) or pCAT-3 tyCASZi^,^^ -> u 
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(O.lx) caricentrations relative to concentration in the 
supernatant after overnight growth. The fdCAT2 and pCAT- 
3 non-recombinant vector signals were <0.01 at lOx 
concentration. M13K07 glllANo 1 did not rescue at all, 
5 as judged by no signal above background in this ELISA. 

Figure 38. Western blot of PEG precipitated phage 
used in ElilSA probed with anti-g3p. Free g3p and the 
g3p"ScFvDl. 3 fusion bands are arrowed. 
Sample 1 r fd scFvDl.3 

10 Sample 2 - pCA*3 vector 

Sample 3 - ipCATS scFvDl.3 rescued with M13K07, no IPTG 
Sample 4 - pCAT3 scFvDl.3 rescued with M13K07, 50yM IPTG 
Sample 5 - pCAT3 scFvDl*3 rescued with M13K07, lOOyM IPTG 
Sample 6 - pCAT3 scFvDl.3 rescued with M13K07 gIII/iNo3 

15 (no IPTG) 

Sample 7 - pCAT3 scFvDl. 3 rescued with M13K07 gllIZi No 2 
: Cno IPTG) 

Panel A san^les contcLln the eqiiivalent of 8pl of 
phagemid culture supernatant per track, and SOiil of the 
20 fd superiiatant { 10- fold lower phage yield than the 
phagemid). Panel B phagemid samples are those used in 
panel A at a five-fold higher sample loading (equivalent 
to 40pl of culture supernatant per track) to enable 
visualisation nf the fusion band in samples rescued with 
25 parental M13K07. 

Figure 39 is a graph showing f dCAT2scFvDl . 3 
enrichment produced from a mixture of fdCAT2scFvD1.3 and 
fdCAT2TPB^t by ohe round of panning. 

Figtxre 40 is a graph showing f dCAT2scFvDl - 3 
30 enrichment produced from a mixture of f dCAT2scFvDl . 3 and 
fdCAT2TPB3[; by one round of panning. 

Figuxe 41 . Western blot of phage proteins of 
fdCAT2(l) and f d-tet-SNase( 2 ) with anti-g3p antiserum. 
Marker molecular weights bands are indicated ( kD ) . 
35 Figur^e 42. Nuclease assay of soluble SNase (3 ng)(A- 

l),fd-tet^SNase(4 X 109TU,(B-l),fd-.CAT2(2 x 1010tU)(C-1) 
and of a PEG-precipitated fdCAT2 and SNase mixture(2 x 
10-L"TU and 0.7ug)(D-l) in a lO-fold dilution series (I to 
3 or 4). Marker (M) is a Hindlll digest of A-DNA(New 
40 England Biolabs). 

Figure 43. ELISA signals obtained with fd-tet, fd- 
CD4-V1 and fd-CD4-VlV2. In each group of three, the 
samples are left to right phage concentrate ( SN ) ; phage 
concentr;ate plus soluble CD4(SN + sCD4); phage 
45 concentrate plus gp 120 (SN + gp 120). 

Figtire 44. shows the DNA sequence of scFv BIB (anti- 

NP). 

Figure 45 shows a map of the insert of sequences 
encoding -FvDl. 3 present in fd-tet FvDl.3 (example 39). 
rbs designates the ribosome binding site. Gene III is 
now shown in its full length. 

Figure 46. shows an ELISA assay of phages displaying 
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10 



15 



f™;,^ scFvDl.3 by binding to plates coated with 

lysogyme. Signals obtained at various dilution facSS 

S2 f^^' "^"^-^ C^S-Stuffer) Which does not SpSf 
was used as a control. 

Figure 47. shows a schematic representation of stens 

SS^^^H^'' "^k"?" ^^^^^ °^ nucleotide sSuSSJ 
encoding human Fab fragments. Details are in exaSle 40 

^Mr^J 48. shows A. a map of plasmid pJMl-FabDl.3 

expression of soluble human F^b 
Sf^^t and as a template for the synthesis of linker 
mA for Fab assembly. B. a schematic representatiorol 
sequemres «rK»dlng a Fab construct. C. fhe seq^e of 
assenS?. synthesis of linker DNA f or Fab 

Figure 49. shows a schmatic representation of stens 
iS^y^ ^''^ ^ assembly of nucleotide s^uScS 
encoding human scFv fragments. Details are in SSipS 

on , ^ Figure 50. ELISA assay of phage antibodies usino 
Si^^4 coated With turkey egg lysog^ne. ^Son^ Bl 
and A4 are shown derived by mutagenesis and selection 
from pAbDl.3 (example 45). Concentration (x^lrSto 
to the concentration of phage for each sample relative^ 
the concentration in culture supernatant. Bll^ raisS 
25 binding to turkey egg lysogyme Snpared to D1.3 ^4 hS 
reduced binding to hen egg lyso^HcMpai^ to Dl.st 
««H n4r^^, • ^^^^ °* P*»^9e antibodies binding to HEL 
S^?,^^; ^ fdCAT2scFvD1.3. Clones 2to^l0 w^ 

30 ?S! h«o.r library (example 46) after sllectJS^ 

Son^/^^cf^ ""^"^ ^ defined by binding of 
clones to BSA were subtracted. 

Figure 52. shows the DNA sequence of the lioht- 

SS2nhl«;1 T-'h ^'^ ^ sele«io^fxii?*'a 

hierarchxcal library in example 46. 

^examn^!"'?fi^"^ ^*'°*f ^ ^^^'^^ expression vector 

(example 48) derived from pUC119. it contains the 
rearranged lambdal germ line gene. The hea^^ liS? 
chaxn cassettes each contain a ribosome bdndlm lite 

SfHS^T?5 T^J^i ^ ^^^^^ (Restriction sites slSL asf 
H-Hlnd III; Sp-SphI; B-BamHI, E-EcoRI. 
Materials and Methods 

The following procedures used by the oresent 
applicants are described in Sambrook, j. et al IISq 
45 ^^«^if*i°n digestion, ligation, preparation of 

^?lv.?. ./^^^t .(Hanahan method), trLsf orma?;on: 
analysxs of restriction enzyme digestion products ok 
K^^^°A®, purification of DNA usinS 

phenol/chloroform, 5 '-end labelling of oligonucleotiis 
sn i'-i^'" screening of bacterial colonies, pre^ratlon of 
50 2xTY medium and plates, preparation of t4trac^liii stoS 

bSf?S°rsal2S" °' 7f Zs^. 
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All ^zymes were supplied by New England Biolabs (CP 
Laboratories, PC Box 22, Bishop's Stortrford, Henrs., 
England) and were used according to manufacturer's 
instructions unless otherwise stated. 
5 The vector fd-tet (Zacher, A.N. et al., 1980, supra) 

was obtained from the American Type Culture Collection 
(ATCC No. 37000) and transformed into competent TGI cells 
(genotypef Kl26 (lac-pro), sup E, thi, hsdD5/F traD36, 
pro A+B+i. Lac 1^, lac 6M15). 
10 Viral particles were prepared by growing TGI cells 

containing the desired construct in 10 to 100 mis TasTT 
medium with 15 pg/ml tetracycline for 16-24 hours. The 
culttire supernatant was collected by centrifugation for 
10 mins at 10,000 rpm in ah 8 x 50 ml rotor, Sorval RC-5B 
15 centrifuge. Phige particles were precipitated by adding 
l/5th volume 20% polyethylene glycol (PEG)/2.5M NaCl and 
leaving at 4 'C for 1 hour. These were spun for 15 
minutes as described above and the pellets resuspended in 
10 mM Tris/HCl pH 8, ImM EDTA to 1/lOOth of the original 
20 volume. Residual bacteria and imdissolved material were 
removed by spinning for 2 minutes in a microcentrifuge. 
Single strahded DNA for mutagenesis or sequencing was 
prepared from concentrated phage according to Sambrook, 
J. , et al^ , 1989, , supra. 
25 Index of Examples 

Example 1 Design of Insertion Point Linkers and 
Construction of Vectors 

Thi^ example covers the construction of two 
derivatives of the phage vector fd-tet: a) fdTPs/Bs for 
30 the insertion of VH coding sequences; and b) fdTPs/Xh for 
the insertion of scFv coding sequences. The derivative 
vectors have a new BstEII site for insertion of 
sequences. 

Example 2 Insertion of Immunogl obulin Fv Domain dlnto 

35 Phage ^ — 

This example covers the insertion of scFv coding 

sequences derived from an anti^lysozyme antibody D1.3 

into £dTPs/Xh to give the construct fdTscFvDl.3. 

Example 3 Insertion of Immunoglo bulin VH Domain into 

40 Phage : 

This example covers the insertion of VH coding 

sequences derived from an anti-lysozyme antibody D1.3 

into fdTPs/Bs to give the constiiict fdTVHDl.3. 

Example 4 Analysis of Binding S pecificity of Phage 
45 Antibodi€Sr " ' ^ 

Thist: example investigates the binding specificities 
of the constructs fdTscFvDl. 3 and fdTVHDl.3. 
Example 5 Construction of fdCAT2 

This example covers the construction of the 
50 derivative fdCAT2 of the phage vector fdTPs/Xh. The 
derivative has restriction sites for enzymes that cut DNA 
infrequently. 
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6 Specific Bind ing of Phage Antibody (pAb) to 

This BKample shows the binding of pAb fdTscFvDl.3 
to lysozyme by ELISA. 
Example 7 Expression of FabDl.3 

This example concerns the display of an antibody Fab 
fragment at the phage surface. The VH-CHl chain is 
es^ressed by fdCAT2, The VL-CL chain is expressed by 
PUC19 in a bacterial host cell also Infected with fdCAT2 
Example 8 Isolation of Specific. Desired Phaoa ^r-»m a 

Mixttire of Vector Phage — ^ 

-."^^ example shows how a phage (e.g. fdTscFvDl.3) 
displaying a binding molecule can be isolated from vector 
phage by affinity techniques. 

aSiviSt ^ Construction of pAb Exnresslng Antl-Hapten 

This exaii?>le concerns the insertion of scFv coding 
sequem^s derived from the antl-oxazolone antibody NQll 
into fdTPs/Xh to generate the construct pAbNQll. The 
example shows the binding of pAbNQll to oxazalone by 

Example 10 Enrichmen t of pAbDl.3 from Mixtures of other 

pAbs by Affinity PurlficatioH 

This example shows how a phage (eg. pAbDl.3) 
displaying one sort of biding molecule can be isolated 
from phage (e.g. pAbNQll) displaying another sort of 
binding molecule by affinity techniques. 

^^^"Pj'f Insertion o f a Gene Encoding an E n^vn.^ 

(Alkaline Phosphate) into fdCAira ^ 

This example concerns the invention of coding 
sequ^ces for an enzyme into the vector fdCAT2 to give 
the phage enzyme, fdphoAlall6. 

Example 12 Measuring E nzyme Activity Phage - En zvmft 
f » 1 .This example shows the functionality of an enzyme 
(alkaline phosphatase) when displayed at the phage 
surface ( f dphoAlal66 ) . p«age 

Example 13 Inser tion of Binding Mol eeniftfl into 

Alternative Sites in the Phage 

This ^ample covers the insertion of scFv coding 
sequences derived from a) the antl-lysozyme antlbod? 
D1.3, and b) the antl-oxazalone antibody NQll into a 

fSZ^'^i^lotl insl'i'^ *° ^^^^ 
45 tS^ghageVsTlay """^"^ °" ^ Repertoires 

This example concerns a system for the display on 
phage of all VH and VLK repertoires encoded by a mouse. 

involves the following steps. 1) Preparation 
?f fP^^- 2) Preparation of cDNA from the RNA 

50 3) Use of primers specific for antibody sequences to PCR 
amplify all VH and VLK cDNA coding sequen^res 4) Use of 
PCR to create a linker molecule from linking pairs of VH 
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and VLK sequences 5 ) Use of PGR to assemble continuous 
DNA molecules each comprising a VH sequence, a linker and 
a VLK sequence The specific VH/VLK combination is 
randomly derived 6) Use of PGR to introduce restriction 
5 sites. 

Example 15. Insertion of the Extracellular Domain of a 
Human Receptor for Platelet Derived Growth Factor (PDGF) 
Isoform Bg^into fdCAT2 

This example concerns the insertion of coding sequences 
10 for the extracellular domain of the human receptor for 
PDGF into the vector fdGAT2 to give the construct 
f dhPDGFBR. 

Example 16. Binding of 125 I->PDGF-BB to the Extracellular 
Domain of the Human Receptor for PDGF Isof orm BB 
15 Displayed on the Surface of fd Phage ^ Measured using an 
Immunoprecapitation Assay . 

This example shows that the human receptor PDGF Isof orm 
BB is disgpXayed on the surface of the phage in a form 
which has the ability to bind its Uganda 

20 Example 17. Construction of Phaqemid Containing Gene III 
Fused with the Coding Sequence for a Binding Molecule . 
This exam£>le concerns the construction of two phagemids 
based on pUG119 which separately contain gene III frorn^ 
fdCAt2 and the gene III scFv fusion f dCAT2seFvDl . 3 to 

25 generate EfCAT2 and pCAT3 scFvDI.3 respectively. 

Example 18. Rescue of Anti-Lysozyme Antibody Specificity 
from pCAT3scFvDl,3 by M13K07 

This exan^le describes the rescue of the coding sequence 
for the gene IIIscFv fusion from pCAT3scFvDl . 3 by M13M07 
helper phage growth, phage were . shown to be displaying 
scFv ahti-lypozyme activity by EUiSA. 
Example 19. Transformation Efficiency of PCAT-3 and pCAT- 

3 scFvDl.3 Phagemids ^ 

This example compared the efficiency of the phagemids 
35 pVC119, pCAT-3 and pCAT3scFvDl . 3 and the phage fdCAT2 to 
transform E.coli. 

Example 20 PGR Assembly of a Single Chain Fv Library from 
an Immunised Mouse 

This example concerns a system for the display on phage 
40 of scFy (comprising VH and VL) from an immunised mouse 
using the phasic technique outlined in example 14 (cDNA 
preparation and PGR assembly of the mouse VH and VLK 
repertoires ) and ligating the PGR assembled sequences 
into fdCAT2 to create a phage library of 10^ clones. 
45 Testing of 500 clones showed that none showed specificity 
against phox. 

Example 21. Selection of Antibodies Specific for 2- 
phenyl"5-^c^azolone from a Repertoire from an Immunised 
Mouse. ■ ■ . 

50 This exan^ile shows that phage grown from the library 
established in example 20 can be subjected to affinity 
selection using phOX to select those phage displaying 
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scFv with the desired specificity. 
EKample 22. Generation n f Further 

bv +ho^ — s — - . ■ ■ 



Antibody Speclficll:lf»«; 



by the Assemoiv of Hi erarchial Llbrar< oc 
This example concerns the construction of hierarchial 
libraries in which a given VH sequence is co^bSS SiS 
the complete VLK repertoire and a given VLK SoSScT 2 
combined with the complete VH replrtSre Ll SSSl^n 

E^^ple^'la'^''"^'?" ^ pair?ngs!^'""'^'°" 

Example 23. Selection »^ Antibodies - 



40 



45 



50 



Bacteriophage with Different Aff <n<-n^— 
oxazolone using Affinity Chromato m-anh^ 

This ovarrml c Tz — g r T 



Displayed on 
for 2-phenYl-5- 

This example concerns the separation by affim-t^ 

Bacteriophage followi ng SuDerlnfL>>T7^ " s"^^^ ace 

example concerns the construction of i-ho 

HacterlODharp td using nHRMj and f^^ ^ ° ?1 

iT TV ™® H or L chain as a fusion with a3n anri -i-h^ 
Example 26. Rescue of Phagemid 




Libraries 

complementary chain and the ascsav wixn tne 

Sscufsedf^ °^ ^ "^"^^ combinatorial library is 

g.ygha?em^y"nSU?" °^ ^ab Prac^ .nt. 

and F^f^fr^rSfo T"^^ ^^'^ generation of soluble scFv 
S^®^*® 3®"^ fusions with sequences 

In S^^E^o?? ^'^f^^*^ ?y expression of clones IT^i 
iStalSons ^^'^^^ ^"PP«ss Lber 

Example 28 Increased sen s itivity m kt.isa of Lvso^y mo 
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using fdTscFvDl,3 as Primary Antibody compared to Soluble 
scFvDl.3 - 

This example covers the use of fdTscFVDl.3 in ELISA 
showing -Uiat lower amounts of lysozyme can be detected 
5 with phage antibody fdTscFvDl.3 than with soluble 
scFvD1.3i 

Example 29 Direct Rescue and Expression of Mouse 
Monoclonal Antibodies as Single Chain Fv Fragments on the 
Surface of Bacteriophage fd 

10 This example covers the display on phage as 

functional sci?V fragments of two clones directly derived 
from cells ekpressing monoclonal antibodies directed 
against o^triol. Both clones were established to be 
functional: using ELISA. 

15 Example 30 Kinetic Properties of Alkaline Phosphatase 
Displayed on the Surface of Bacteriophage fd 

This. , example concerns the demonstration that the 
kinetic properties of an enzyme, alkaline phosphatase, 
displayed on phag^ are qualitatively similar to those of 

20 the same enzyme when in solution. 

Example 31 Demonstration using Ultrafiltration that 
Cloned Alkaline Phosphatase Behaves as Part of the Virus 
Particle 

This e x a mp le concerns the construction of the phage 
25 enzyme f dghoArglSS and the demonstration that both the 
fusion protein made and the catalytic activity observed 
derive from the phage particle. 

Example 312 Affinity Chromatography of Phage Alkaline 
Phosphata^ 

30 This example concerns the binding of alkaline 

phosphatase displayed on phage to an arsenate-Sepharose 
affinity column and specif ic elution of these phage using 
the reaction product, phosphate. 

Example 33 PCR Assembly of DNA Encoding the Fab Fragment 
35 of an Antibody Directed against Oxazolone 

This .ex^n^ile covers the construction of a DNA insert 

encoding a Fab fragment by separate amplification of 

heavy and light chain DNA sequences followed by assembly. 

The construct was then inserted into the phage vector 
40 fdCAT2 and the phagemid vector pHENl and the Fab fragment 

displayed on the surface was shown to be functional. 

Example 34 Construction of a Gene III Deficient Helper 

Phage ~~ " 

This example describes the construction of a helper 
45 ^ phage derived from M13K07 by deleting sequences in gene 

III. Rescue of pCAT3-scFvD1.3 is described. The 

scFvDl.3 is expressed at a high level as a fusion using 

the deletion phage, equivalent to expression using 

fdCAT2-scPvD1.3. 
50 Example 35 Selection of bacteriophage expressing scFv 

fragments directed against lysozyme from mixtures 

according 1 to affinity using a panning procedure 
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dishes coated with lysozyma ana, foXlowino ira^m hSi^H 
SSI ^i^S^ triettylamiAe. CondJIi^"^; S 
wnere substantial enrichment could be obtain^.^ ^rvt = 

!'°!'.''^° 36 Enoresaln n of cataly i-i^.i i- Active 
|tapnylccocc.l Ni ^ilaas a on tee SurtacJ nf Bajterlnnht^g 

d^3«atlon that the pha/e enz,^ "^aS* nllSeSi 
of cof f^^f cloning of genes for domains 

^o^^^^s^upl??^, ".r^ScTioS^ ss 

pSgrS faSHo ^he'JxvTrSSTgplTo.^ - 
f'TT^g^..^,? Selection pf Mutant s of an 

into r^Le^^L ^SS^'-dc^"^ °4 
^aljf\n d;;?^,<"^J? iutfte^.r3^ ?| 

^oy^-r-.-. -t ^^^.^^^ 

be ei^S°°S;^ .Sf"^ ^* functional Fv fragments can 
cov^raSfocSlS^of^^^ ?l ^'"^^.j;^ 

i^S^r Err ^"Su^Iii 

1 fragment shown to be functional by ELISA 
Example 40 A PCR Based T^ohr.^,p.^ -p^^ one sten Clonf 
Human V-oene s as Fab ConflT?;;;^ step Cloninq of 

fr-^rJS^^ example gives methods for the assembly of Fab 
fragments from genes for antibodies KxamnilTt^.^ ^ 
for g^ries for antibodies dS^regB^''^sS-D^±n^ 
SSSSSeS^lon ^f^^"^^ l.-phoblastS?cil\Se! 

t:o uexxs aispla ying the Rhesus D Antigen on their Smt-T^ 
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This example concerns the construction of, and 
display of phage antibodies from, a phagemid encoding a 
human Fab fragment directed against the Rhesus D antigen. 
Phage dismaying this antigen were then affinity selected 
5 from a bacskground of phage displaying scFvDl.3 anti- 
lysozyme qp the basis of binding to Rhesus -D positive red 
blood cel^. 

Exang)le 42 A PGR Based Technique for One Step Cloning of 

Human scFV^ Constructs 
10 This example describes the generation of libraries 

of scFv fragments derived from an un Immunized human. 

Examples are given of the preparation for phage display 

of libraries in phagemids of scFv fragments derived from 

IgG and I0i sequences. 
15 Example 43 Isolation of Binding Activities from a Library 

of scFvs from an Unimmunized Human 

This example describes the isolation, from the 

library of 0cFv fragments derived from IgM genes of an 

unimmunized human, of clones for phage antibodies 
20 directed against BSA, lysozyme and oxazolone. Selection 

was by panning or affinity chromatography and analysis of 

binding specificity by ELISA. Sequencing of the clones 

showed the^ to. be of human origin. 

Example 44 Rescue of human IgM libra ry using helper phage 

25 lacking g^e 3 ( g3T — 

This exaarple covers the isolation, from the library 
of scFv fragments of tinimmunized human IgM genes, of 
clones of phage antibodies of clones for phage antibodies 
specific for thyroglobulin and oxazolone. in this 
30 example rescue was with M13K07gIII No3 <NCTC12478), a 
helper phiuge defective in gene III. Fewer rounds of 
selection appeared necessary for a phagemid libraiY 
rescued with this phage compared to one rescued with 
M13K07. 

35 Example 45 Alteration of Fine Specificity of scFvDl.3 
displayed^ on Phage by Mutagenesis and Selection on 
Immobilized Turkey Lysozyme " ~ 

This example covers the in vitro mutagenesis of 
pCATscFvDl.3 by replacement, with random amino acids, of 

40 residues fciown to be of importance in the preferential 
recognition of heh egg lysozyme over tturkey egg lysozyme 
by scFvDi>3. Following selection for phage antibodies 
recognising turkey egg lysozyme by affinity 
chromatography, cipnes were analysed for specificity by 

45 ELISA. Tvip groups of clones were found with more equal 
recognitijdn of hen and turkey lysozymes, one with 
increased : ELISA signal with the ttarkey enzyme and one 
with reduced signal for the hen enzyme. 

Example 46 Mo dification of the Specificity of an Antibody 
by Replacemen t of the VLK Domain by a VLK Library derived 

from an Uilimmunised Mouse ~ ' ~ 

This ^example shows that replacement of the VL domain 
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a' SSa'rV' "^VlV^^S^ fS'^^^ '^^^^ <HEL) with 
fragments wMch bind ^to%o^,^^ selection of scFv 

(TEL). The SCFV i^agm^nts ^e^Sia^^*^*" k'^^^'^^ 
selection by pannino on aisplayed on phage and 

by ELISA ?how^rS!ones^f4^11ii'*»,7=^- ^^^^^^^ 
compared to HEL ThnoT «^ +t k • binding to TEL 

seqSenoii: ^® ""^^ highest binding to TEL were 

to^^Arg gl ^L^pg^^^SMbo^ Speclflcit. 
a Cleagable^ ^^^fg^n^ 7"^^,,^° "" ^^l-^c 
Mild Condl ^*-^^ ^" Eiutinn ot BounH Ph^;p-:::g^ 

the aff^^i^Tilitir^^e^Si^lo aL" ""^T^^^ ^ 
Phage und^ mild cond??^ *° oiSSoff^^^^^ °^ 
approximately 600 fold frnm a* »^ P?hN01l was enriched 
selection Jing blotinySSj V-^'^''^^^^ 
beads. The cleavaoe of a homi £Z, *° ""agnetic 

allows elution orSe ph^ge '''^ ^^"^ «SA and the biotin 

^^^^^^^^ 

produce an enriched tv^Ti °^ selection to 

directed agaS¥^?hySSiv-3.rS!S«H antibodies 
describes So. tt^s t^Z^ ^^^^t^^^^^^ ^ 
complexity of antibody ri2tol,.i? ""^^"^ 
surface of baoteriophaaj ""^P^^o^^^s displayed on the 
Example 1 

insertion Point Link ers and r .-^ 

flanlcS? ^e'4\r2;?xl„2";es'S't^^" restriction sites 
the strategy for iSStlSo ?S 5?^ gene (fig 3). since 
them into a newly ^SertId^;+.^?T*''^SPents was to ligate 

It was advanSSJus "?nSe?l^i S?.*'^?*^ 

from fd-tet. This was a^io^H^ original BstEIi sites 

the restriction e^zyS? II?EII^ ilV'^^ f'^"^^* 
overhangs and re-liaat^in «15 filllng-m the 5' 
Dlgestl?,n of ld-tet^U° 

carried out in Ix KGB buffer (?0o L ^ 1^ «nits/m) was 
23 mM Trls-acetate (pH 7 5) 10 glutamate, 
Hg/ml bovine serum albiin T T^Kf^iT 50 
(Sambrook, j., et al i?flS' f dithiothreitol 
concentration of 25 ng/ul The ^J^^'o* ^ k"^**^ ^''^ ^ 
in, using 2x KGB buffer 2 so ^^erhang was filled 

Ltd., Pharmacia Hous?' MilJZnif^n^'^ (Pharmacia 
Keynes, Bucks. uk ) an^ tl Boulevard, Milton 

international" 'LincoLTlace'^See?^^^^ (Amersham 
Bucks., OK) at 0.04 unlts/ul aJJ? . Aylesbury, 

hour at .CO. ^^-..^^uri^' ..f^'^s'T^^i^.^l.l 
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phenol/chloirofonn and precipitated with ethanol. 

Ligations were carried out at a DNA concentration of 
50ng/pl). * Ligations were transformed into competent TGI 
cells and plated onto TY plates supplemented with 15 
5 pg/ml tetr^CTcline. This selects for vectors where the 
gene for tetracycline resistance protein has reinserted 
into the yector during the ligation step. Colonies were 
picked into 25 mis of 2xTY medium supplemented with 15 
|ig/ml tetracycline and grown overnight at 37 'C. 

10 Double stranded DNA was purified form the resulting 

clones using the giene-clean II kit (BiolOl Inc., PO Box 
2284, La Jolia/ California^ 92038-2284, USA.) and 
according to the small scale rapid plasmid DNA isolation 
procedure described therein. The orientation of 5 of the 

15 resulting clones was checked using the restriction enzyme 
Clal. A done was chosen which gave the same pattern of 
restriction by Clal as fd-tet, but which had no BstE II 
sites. 

In vitiro mutagenesis of fdTSBst was used to generate 

20 vectors having apiprbpriate restriction sites that 
facilitate cloning of antibody fragments downstream of 
the gene 511 signal peptide and in frame with the gene 
III codii^ sequence. The oligonucleotide directed 
mutagenesis system version 2 (Amersham International) was 

25 used with oligo 1 (figure 4) to create fdTPs/Bs (to 
facilitate cloning of VH fragments ) . The sequence 
of f dTPs/Bs ( figure 4 ) was confirmed using the sequenase 
version 2.0 kit (USB Corp., PO Box 22400, Cleveland, 
Ohio, 44122, UsA. ) with oligo 3 (figure 4) as a primer. 

30 A second vector fdTPs/Xh (to facilitate cloning of 

single chain Fv fragments) was generated by mutagenising 
fdTPs/Bs with oligo 2 according to the method of 
Venkitaraman, A.R., Nucl. Acid Res. 17, p 3314. The 
sequencet df fdTPs/Xh (figure 4) was confirmed using the 

35 sequenase version 2.0 kit (USB Corp.) with oligo 3 as a 
primer. 

clearly, alternative constructions will be apparent 
to those skilled in the art. For example, M13 and/or its 
host bactieria could be modified such that its gene III 

40 could be disrupted without the onset of excessive cell 
death; tli^ modified fd gene III, or other modified 
protein, could be incorporated into a plasmid containing 
a single stranded phage replication origin, such as 
pUClig, sxiperinfection with modified phage such as K07 

45 would then result in the encapsulation of the phage 
antibody genome in a coat partially derived from the 
helper phage and partly from the phage antibody gene III 
construct. 

The dotailed construction of a vector such as 
50 fdTPs/Bs ijs only one way of achieving the end of a phage 
antibody. For example, techniques such as sticJcy feet 
cloning/mutagenesis (Clackson, T. and Winter, G. 1989 
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Acids. Res., 17, p 10163-10170) could be used to 
avold^ use of restriction enzyme digests and/or llgatlS 

Example 2. 

5 Insertion of Iinmunoalobulln Fv Domain ini-o pko^» 

A Gr?lfiSJT'* ^9"* 9. Winter and 

y/-xuoj and the scFv form exDress^H -fn i? w r?' 

restr^lSSf°"sl?er^e";i^ •T'p'S^' ff (these 
fragment of 693 bp which eSerth^ 'h„lt'i<. ^k^''*^ " 
Ugatloj Of this flagmeS? i^^TpS^lb'^'^^ Sfth^'SJi 

??St? Lr^hoT A ^ appropriate restriction enzymes 

40 concentxation of 5 no /in r*a-^K mZ ^ final 

r-i F "-en/— - ^^^^ - 

were ''pr2?;SS'^';ir1^L'"^elns of the e:,pe«ed size 
45 preoipfSS'r'^ aest?;iea''"i^°°"'="T'i^",*" 

lrS'w8f°l„"^"=*^-^^' orTsorib^'in'S^^T 

executed in fresh Ix running buffer/20% methanol using 
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TE70 SemivPhor a semi-dry blotting apparatus (Hoeffer, 
654 Minnesota Street, Box 77387, San Francisco, 
California 94107, USAO- 

AFtei- "bransfer, the filter was blocked by incubation 
5 for 1 hour in a 2% solution of milk powder (Marvel) in 
phosphate buffered saline (PBS). Detection of scFv and 
VH prbtelii sequenceis in the phage antibody fusion 
proteins was effected by soaking the filter for 1 hour 
with a 1/1000 dilution (in 2% milk powder) of a rabbit 
10 polyclonal antiserum raised against affinity pxzrified, 
bacterially expressed scFv fragment (gift from G. 
Winter). '^Aftfer washing with PBS (3x5 minute washes), 
bound prlBfiary antibody was detected using an anti-rabbit 
antibody ^njuga ted to horseradish peroxidase (Sigma, 
15 Fancy Road, Poole, Dorset, BH17 7NH, UK. ) for 1 hour. 
The filter was washed in PBS/0.1% triton X-100 and 
developed with 0.5 mg/ml 3 , 3 * -diaminobenzidine 
tetrahydrochloride (DAB)^ 0.02% cobalt chloride, 0.03% 
hydrogen peroxide in PBS. 
20 The results showed that with clones fdTVHDl.3 (from 

example 3 incorporating sequences coding for VH) and 
fdTscFvDl.3 (incoinporating sequences coding for scFv) a 
protein of between 69,000 and 92,500 daltons is detected 
by the ahti-Fv serum. This is the expected size for the 
25 fusion proteins constructed. This product is not 
obsezved in supematants derived from fd-tet, fdT6Bst or 
fdTPs/Xh. 
Example 3 * 

Insertion of Immunoglobulin VH Domain into Phage Antibody 
30 The 'ra fraigment from D1.3 was generated from the 

plasmid PSW1-VHD1.3-TAG1 (Ward, E.S. et al., 1989 
supra.). ^)igestion of this plasmid with Pstl and BstEII 
generates the fragment shown between positions 113 and 
432 in figure 5* Cloning of this fragment into the Pstl 
35 and BstEII; sites of fdTPs/Bs gave rise to the construct 
fdTVHDl.3 Which encodes a fusion protein with a complete 
VH domain inserted between the first and third amino 
acids of the mature gene III protein (amino acid two has 
been deletisd) . 

40 The methods used were exactly as in example 2 except 

that the vector used was fdTPs/Bs digested with Pstl and 
BstEil. 
Example 4. 

Analysis of Binding Specificity of Phage Antibodies 
45 The binding of the various phage antibodies to the 

specific antigen, lysozyme, was analysed using ELISA 
techniques. Phage antibodies (e.g. fdTVHDl.3 and 
f dTsc/FvDl. 3 ) were grown in E . coli and Phage antibody 
particles were precipitated with PEG as described in the 
50 materials and methods. Bound phage antibody particles 
were detected using polyclonal sheep serum raised against 
the closely related phage M13. 
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California. 93030.".faA"" th""i^'i" of a" solutSr!* 

otherwise stated) l^ 50 

10 added and^^Sd^ l iJSr p^J^* ^'"P^ 

?«" "°/PBs'°SiloJS'^3Ti!,sSrt„''p^^ 

P=lyclc4!"a„Se^'C« ?S g!" «?^tJ-'"?ltiS'^H 
equlvalait antUxxJy can to leadlly iadTbrOTe sSSS ^ 

s:>e?;^"Sd"'inSr^^ .o"rrh°'^iC'"T" " 

S^IJoS^ »Sea^^ 

£^o^^^ r^^=c^^Lii^Cr£o- ? 

Tltertek'^tSJ^la^^A'S.," "S n« was read In a 
preSipit.tSlh;ge^^aOD!ieS*2S''^h'^""^°"= °* ™= 

K^r'aAtlSTfld^^ra^'tLl'S ^ -^-"talnlSI 
•ntlbody (fdlraD1.3)^^±' iSiJ^.!^ containing phage 
were hloher than tLT^^s--? ^ «jntaining phage antibody 

vector ??Sps?a).*^Jhe^^^at^a^ '""'"^^ 

with v^^'c<SftrS!a.?^n °' '=°»""S «^ Pi""- 
albumin i?'^'^ 
phage antibody cultorl^,!,S^^ / 1 "1 of the original 
froi supenSta.5?s dSi^^TT^^j;?* signals 
45 higher IdSS^f -1 

coated wells war. ^ fdTPs/Xh when lysozyme 

difference betw^ tll^^V. '^^'^ ™= "° significant 

the piati «sr^sriiSrBS^%^^T™*s?* 

50 ^^t "Jf JSTtef "^'^^ 'p"^l=cM ^ 

^h« ^e blnllng-St^sris spS?Sc ?or WsoSTITS: 
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Examjple S f 

Construction of f d CAT 2 

It would be useful to design vecrtors that enable the 
use of re^tiriction enzymes that cut DNA infrequently, 
5 thus avoiding unwanted digestion of the antibody gene 
inserts within their coding sequence. Enzymes with an 
eight base recogriition sequence are particularly useful 
in this reispect, for example Notl and Sfil. Chaudhary et 
al (PNAS a? pl066-1070, 1990) have identified a number of 

10 restricticm sites which occur rarely in antibody variable 
genes. The applicant has designed and constructed a 
vector that utilises two of these sites, as an example of 
how this type of enzyme can be used. Essentially sites 
for the enzymes ApaLl and Notl were engineered into 

15 fdTPs/Xh to create fdCAT2. 
The oligoducledtide: 

5 'ACT TTC AAC AGT TTC TGC GGC CGC CCG TTT GAT CTC GAG CTC 

CTG CAG T*G 6AC CTG TGC ACT GTG AGA ATA GAA 3' 

was synthesised (supra fig 4 legend) and used to 

20 mutagenise fdTPs/Xh using an in vitro mutagenesis kit 
from Amersham International as described in example 1, to 
create fd-CAT2. The sequence of fd-CAT2 was checked 
around the site of manipulation by DNA sequencing* The 
final seqi:^xice around the insertion point within gene III 

25 is shown Ih figure 8. 

N.B. fdCAT2 is also referred to herein by the alternative 
terminologies fd-tet-DOGl and fdDOGl. 
Example 6 

Specific Binding of Phaqe-antibody (pAb) to Antigen 
30 The bindiiig of pAb D1.3 (fdTscFvDl.S of example 2) 

to lysozyme was further analysed by ELISA. 
Methods. 

1. Phage growtJi. 

Cultures of phage transduced bacteria were prepared 

35 in 10-100 inls 2 x TY medium with 15 pg/ml tetracycline 
and grown with shaking at 37*C for 15-24 hrs. Phage 
supernatant was prepared by centrifugation of the culture 
(10 min at 10,000 rpm, 8 x 50 ml rotor, Sorval RC-5B 
centrifuge). At this stage, the phage titre was 1 - 5 x 

40 lOio/nJ. transducing units. The phage were precipitated 
by adding 1/5 volume 20% PEG 2.5 M NaCl, leaving for 1 hr 
at 4*C, and centrifuging (supra). The phage pellets were 
resuspended in.lO mM Tris-HCl, ImM EDTA pH 8.0 to 1/lOOth 
of the dxiginal volume, and residual bacteria and 

45 aggregated phage removed by centrifugation for 2 min in a 
bench micirocentrifuge. 
ELISA 

Plates were coated with antigen (1 mg/ml antigen) 
and blocked as described in example 4. 2 x lO^^g 9^9^ 
50 transducing units were added to the antigen coated plates 
in phosphate buffered saline (PBS) containing 2% skimmed 
milk powder (MPBS). Plates were washed between each step 
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with three rinses of 0.5% Tween-20 in ppq ^ ^ 

three r±nse«5 nf one o-. j ^ "° followed by 

immunoglobulins and ^BTS ?2 • S 'l^*^.^ 
ethylbenzthlazoline sulU^^^^ 2 "azinobis j^3- 

?It?^w-th?t^nhr^i^^^^^^^^^ 

(HaS2 °J -«?°tivity as"" the oSg!ntf d*^3 "^TtiSy 

White lysozyme, SS? not ^o ^S^j^^y^aJTlV^^^ 
human lysozyme or bovine serum alWm The sdS??^??; 
Of the phage is particularly illustrated by th^^Sk S 
binding to the turkey egg-white lyso^Sne tlSt d^f^^t 
frcm^hen^e gg-white lyso^e by only ? s:^ a^^.^'"^" 

Expression of Fab Dl,3 

displaying antiboay fragmanfs in tte pA^^stST Tmc^ 
oonmonly used antibody fraoment Is th= . ^ 

piSSSL^^ed^d 'tTrS^erike'"^ 1^^%^^^ ^ 
periplasm by affinitT^Somi^ogSphy^^The o~s^ 

45 SSirSl^Se^iS-th^^^^^^^ 

^ requiJL^^everil "Sventl^lo 

m°oTe^cileTTs?oc^^^^^^^^^^^^^ Th^ l°h\^/- °/ t^T^^^ 

50 lS.Tntact^^\^^^ °^ tS^^ge^^a^^lcl^eri^S 

export of the intact phage particle from the cell, 
the ^^f^ K^'f^^'* possible however, to express 

the light chain from within the pAb genome b?^ II? 
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example, cloning an expression cassette into a suitable 
place in :t^e phage genome. Such a suiteible place would 
be the in^ergenic region which houses the multicloning 
site^ eng^eered into derivative of the related phage M13 
5 (see, for example, Yanisch-Perron, C. et al. , Gene 33, 
P103-119, (1985)), 

The starting point for this example was the clone 
Fab D1.3 in pUC19, a map of which is shown in figure 10. 
The regions hybridising with the oligonucleotides KSJ6 
10 and 7 belQW are shown underlined in fig 10- The sequence 
encoding -fche VH-CHl region (defined at the 5' and 3' 
edges by the oligonucleotides KSJ6 and 7 below) was PGR 
amplifiifed from Fab pi. 3 in pUC19 using oligonucleotides 
KSJ 6 and 7> which retain the Pst I site at the 5' end 
15 and introduce a Xho I site at the 3* end, to facilitate 
cloning into fd CAT2. The sequences for the 
oligonucleotides KSJ6 and 7 are shown below. The 
underlined region of KSj7 shows the portion hybridising 
with the sequence for D1.3. 
20 KSJ6:5' AGG TGC AGC TGC AGG AGT GAG G 3' 

KSJ7: 5V OPT 6AC CTC GAG TGA AGA TTT GGG CTC AAC TTT C 3' 
PGR condimons were as described in- example II, except 
that, thirty cycles of PGR amplification were performed 
with denat»ratipn at 92'G for 45 seconds, annealing at 
25 55 'G for J minute and extension at 72 'C for 1 minute. 
The templa^te used was DNA from TGI cells containing Fab 
D1.3 in pOCig resuspended in water and boiled. The 
template DMA ^ w prepared from the colonies by picking 
some coiimy material into lOOpl of distilled H2O and 
30 boiling for. 10 mins. Ijil of this mixture was used in a 
20pl PGR.^^ 1^ in amplification of the 

expected frafipiaent of approximately eOObp. This fragment 
was cut VKith Pst I and Xho I, purified from an agarose 
gel and ligated into Pst 1/Xho 1-cut fdGAT2. The PGR 
35 mixture was extracted with phenol /chloroform and ethanol 
precipitated (Skmbrook et al. supra.) before digestion 
with Pstl : and Xhol ( New England Biolabs according to 
manufactiMPBTS recoimiiendations . The fragment was resolved 
on 1% Tris-Acetate EDTA agarose gel (Sambrook et al. 
40 supra) and purified using Geneclean (BIG 101, Geneclean, 
La Joila, San Diego, Galifomia, USA) according to 
manufacturers recommendations. 

fd-CAT2 vector DNA was digested with Pst 1 and Xho 1 
(New England BioLabs) according to manufacturers 
45 recommendations, extracted with phenol /chloroform and 
ethanol precipitated (Sambrook et al. supra.). 

75ng of Pst 1/Xhd 1-digested vector DNA was ligated 
to 40ng of PGR-amplified Pstl /Xho I-digested hEGF-R 
fragment in 12|il of ligation buffer (66mM TrisHGl 
50 (pH7.6), ^mM MgCl2/ 5mM dithiothreitol, (lOOpg/ml bovine 
serum albiimin, 0.5mM ATP, 0.5mM Spermidine) and 40C units 
T4 DNA ligase (New England BioLabs) for 16 hours at 16 *G. 
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?0^C for ''^^r ^e^-cy^l 'i.d^'lSa??d 

the oligonicleatlde°Si!lcJ^rL"^3S^^^^ 

™; "^^"^ oligormcleotl^KSje aii 7 A 
representative clone was called f d CAT2VHeHi nio mu 

heavy chain was deleted from 15b Dl ir^pJciS bv Soh ? 

Cleavage of Fab D1.3 plasmld DNA. T^e^pUC if 

used to make mlnlprep DNA (Sambrook et al aun^sf «^ 
clone was called ICDl.Smc representative 

were Incubated at 37-c tor 10 mlnuSi Sd piatS^o^w 

?l"ac5ll"r™"^"V^'"'=""-' ("OM/Sl "^inrilJg/S 
rlSlSS ™i"™>4Z prepared from some of the 

^SS'as^iSL^hrin"^!/?^ ^"^'^ *° 

D13 «re present, ?S1L ^SLi to IvS.?^ 
psb expressing the £d VHCHl fragmMit £d rot 

40 surface of the pAb. expressed on the 

Example 8 

isolation^ spec, f1n no,,rn. Ph«.e . 

fS^^r^— -^"'^ ^'°^^4ieTSS,^^aSS^- 

^ogL'=°htride°^c\ra"-?e&e irj^LT 
dilutions Of the elS? ^thrjSSle"' 



25 



30 



35 
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analysed by probing with an oligonucleotide that detects 
only the pAb (D1.3) see Table 1 and Fig. 12. A thousand 
fold ehrlQhment of pAb(D1.3) was seen with a single 
column pa^s* By growing the enriched phage and passing 
5 it down tiiet cdluinn again, enrichments of up to a million 
fold were ^en. 

Enrichment was also demonstrated using purely 
immunological criteria. For example, lO-'-^ phage (at a 
ratio of 1 pAb {D1.3) to 4 x 10^ fdTPs/Bs) was subjected 

10 to two roimds of affinity selection, and then 26 colonies 
picked and grown overnight. The phage was then assayed 
for lysozyme binding by ELISA (as example 6). Five 
colonics yielded phage with lysozyme binding activities, 
see table*vl, and these were shown to encode the scFv 

15 (D1.3) by PCR screening (example 13, using 30 cycles of 1 
minute at 92°C, 1 minute at 60*C, 1 minute at 72 "'C using 
CDRSPCm arid dligo 3 (fig* 4) as primers). 

Thus very rare pAbs can be fished out of large 
populations, by using antigen to select and then screen 

20 the phage./ 

In this exa m ple, affinity chromatography of pAbs and 
oligonucleotide probing were carried out as described 
below. . 

Approximately 10^2 phage particles in 1ml MPBS were 

25 loaded onto a 1 ml lysozyme-Sepharose affinity column 
which had been prewashed in MPBS. The column was washed 
dLn turn with 10 ml PBS; then 10 ml 50 mM Tris-HCl, 500 mM 
Nacl pH 7v5; then 10ml 50 mM Tris-HCl 500 mM NaCl pH 8.5; 
then 5 mis 50 mM Tris-HCl, 500 mM NaCl pH 9.5 (adjusted 

30 with triiathylamine) and then eluted with 5 ml 100 mM 
triethylaraine. The eluate was neutralised with 0.5 M 
sodium phosphate buffer pH 6.8 and the phage plated for 
analysis. -For a second round of affinity chromatography, 
the first column eluate was plated to about 30,000 

35 colonies per petri dish. After overnight growth, 
colonies were then scraped into 5 ml 2 x TY medium, and a 
20 ^1 aliquot diluted into 10 ml fresh medium and grown 
overnight. The phage was PEG precipitated as described 
above, resuspended in 1 ml MPBS and loaded onto the 

40 coltjmn^ washed and eluted as above. 
Oligonucleotides sythesised: 

CDR3PCR1 5'TGA GGA C(A or T) C(A or T) GC CGT CTA CTA CTG 
TGC 3V 

40 pmole Of oligonucleotide VHIFOR (Ward, E. S., et 
45 al (1989) Nature 341, 544-546), specific to pAb (D1.3) 
was phosphorylated with 100 pCi a-32P ATP, hybridised 
(Ipmole/ml) to nitrocellulose filters at 67 •C in 6 x 
saline sodium citrate (SSC) Sambrook et al., supra, 
buffer for 30 minutes and allowed to cool to room 
50 temperature for 30 mins, washed 3x1 min at 60"C in 0.1 
X SSC. 
Example 9 
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Construction of pAb Expr essing Antl-hapten Ac tlvifr^r 
2jr^tS?it^n^ 'SP^T coinmonly used for studying 

ln%±irS^ Kn. response. The antl-oxazalone 

antibody NQll has been described previously (E. 

' Pannell, c. Milstein, J. Immunol. Method 126 
61-68). A plasmid containing the VH and VL gene of NOlT 
was converted to a scFv form by inserting the BstEll/SacI 
fragment of scFvDl.3 myc (nucleotides 432-499 of Fia 5) 
between the VH and VL genes to generate pscFvNQll the 

10 sequence of which is shown in fig. 13. This scBV waS 
fi^??^ ^® Pstl/Xhol site of FdTPs/Xh (as describll 

earlier) to generate pAb NQll has an internal Pstl site 
and so it was necessary to do a complete dioest of 

15 ^Sn!'^" "^"^ "^"^ ^ parti " digS^wi?^ 

Er.T<;A^*'®R??t?"*'i°J'^™^^ °^ "Q^^ confirmed using 
ELISA. ELISA plates were coated at 37»C in 50 mM NaHCol 
at a protein concentration of 200 pg/ml. Plates were 
?n "fS^f'^**'®'' ^ lysozyme (HEL), bovine serum 

fi^^ "i ^°f^^' ^ conjugated to oxazolone (OX-BSA) 

fSi? •^".^^^^^'^ <1978) J. Exp. Med.148 

1644). Preparation of phage, binding to ELISA plates" 
washing and detection was as described in IJample e! 
25 Samples were assayed in duplicate and the average 
absorbance after 10 minutes presented in figure 14 

This result demonstrates that the pAb NQll binds the 
Sr^n, 1^^^^^' shows that PAb D1.3 2S 

30 oSainS. .n^/l„ -"^^ *° ''^^ «»e 

ju original antibodies were raised. r 

Example 10 

?^^?^f"!. of PAb D1.3 from Mixtures of Other pAb bv 
Affinity Purification ' *^ ' 

,c »K f }°^^ P**®^® ^ ^° "^s of PBSM at the ratios of 
35 PAb Dl 3 to PAb NQll shown in table 2 were passed over a 
1 ml lysozyme Sepharose column. Washing, elutlon and 
other methods were as described in example 8 unless 
otherwise stated. Eluates from the columns were used to 
infect TGI cells which were then plated out. Colonies 
^ SS**^ni*[^'* ^K^^**^ distinguishes pAb Dl!l 

fSr3c£^Ar is:'- ""^"^ °^ Oligonucleotide 

5'GTA GTC AAG CCT ATA ATC TCT CTC 3' 

"^^J-^ 2 presents the data from this experiment. An 
45 enrichment of almost 1000 fold was achieved in one round 
and an enrichment of over a million fold in two rounds of 
purification. This parallels the result described in 

Example 11 

^° J^sertion of a Gene Encoding an Enzvme (Alk aHno 

phosphatase) into fd-CAT2 ^ 

As an example of the expression of a functional 
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enzyme on the bacteriophage surface, the applicants have 
chosen b^bterial alkaJLine phosphatase, an enzyme that 
normally emotions as a dimer (McCracken, S. and Meighen, 
E., J. Biol. Chem. 255, p2396-2404, (1980))* The 
5 oligonucleotides were designed to generate a PGR product 
with an Apa LI site at the 5' end of phoA gene and a Not 
1 site at its 3 V end, thus facilitating cloning into fd- 
CAT 2 to create a gene III fusion protein. The 
oligdnuci€k)tides synthesised were: 
10 phoAl:5V !»T TCT GAG AGT OCA CAA AGT GTT GAA CGG AGA GGA 
GAA ATG CCT GTT CT6 3' and, 

phoA2:5' ACA TGT ACA TGG GGC GGC TTT GAG GGG GAG AGG GGG 
TTT G3' 

The sequence of the phoA gene is presented in Ghang G. N. 
15 et al.. Gene 44, P121-125 (1986). The plasmid amplified 
(pEK86) contains an alkaline phosphate gene which differs 
from the sequence of Ghang et al, by a mutation which 
convertis airginine to alamihe at position 166 . 

The ipGR reaction was carried out in lOOjil of 10 mM 
20 Tris/HGl pH 8.3, containing 50 mM KGl, 5mMdNTP 2.5 mM 
MgGl2, QvOl% gelatin, 0.25 units/pl of Taq polymerase 
(Getus/Perkin Elmer) and 0.5|ig/ml template. The template 
was the pEK86 plasmid (described by Ghaidaroglou et al. 
Biochemistry 27 p8338-8343, 1988). The PGR was carried 
25 out in a Techne (Techne, Duxford, Cambridge, UK) PHG-2 
dri-block using thirty cycles of 1 min at 92 'G, 2 min at 
50'G, 3 min at 72*Gv 

The resultant product was extracted with 
phenol - chloroform, precipitated with ethanol, and the 
30 pellet dissolved in 35|il water. Digestion with 0.3 
units/jil of Apa LI was carried out in 150pl volume 
according to manufacturers instructions for two hours at 
37 "^C. After heat inactivation of the enzyme at 65**G 
NaGl was added to a final concentration of 150mM and 0.4 
35 units/pl Itotl enzyme added. After incubation for 2 hours 
at 37 'G, the digest was extracted with phenol: chloroform 
and precipitated as above, before being dissolved in 30]xl 
of water. The vector fd-CAT2 was sequentially digested 
with Apa LI and Notl according to the manufacturers 
40 instruct!^ and treated with calf intestinal alkaline 
phosphatase as described in example 2. The sample was 
extracte^d three times with phenol : chloroform, 
precipitated with ethanol and dissolved in water. The 
ligations were performed with a final DNA concentration 
45 of l-2iig/ia of both the cut fd-GAT2 and the digested PGR 
product. The ligations were transformed into competent 
TGI cells and plated on 2xTY tet plates. Identification 
of clones containing the desired insert was by analytical 
PGR performed using the conditions and primers above, on 
50 boiled samples of the resulting colonies. The correct 
clone containing the phoA gene fused in frame to g:jxe III 
was called fd-phoAla 166. The sequence at the junction 
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g^tt^cloning region is given in figure 15. 

Measuring Enzyme Activi ty of Phaq e-^n^ymo 

Overnight cultures of TGI or KS275 ^ n 

tetracycline. Qmcentrated, p5g ^eMolLt^ ^^k.""""^"^ 

(1964)) were carried out at 24»C in a «nai "L.^? ' 

of IM Trls/Hn nH p n , „ 7"" 5 *=o"°entratlon 

rates were^SlSJi.Te/ fr^ ^lat."i^tj^"^ 

Standard curves (amount of enzvmf^ we 

Phos^fa3e"I^tW"„aI"S^|ecL,^rP^<?^*rel^^^^^^^^ 
30 m!?!!"^ ^^^^^^ containing fd-ph^lal?f *£ft 'S? 
gnSJ^J^nt l"tJ.''%^e°"^pe*S?e/=J^.i^ orilJ^lSS 
|K=.e°4^3 l^ent ^ 

Therefore, the phage expressed active aikaHr,<» 
Example 13 

ihrSSS! °^ "°lecules inro Altema»,„ 

a«=s£r£ 

-Lu way oe userux in the binding of viruses with « h^rfK 
aSSSon^^?'^^ ^ inmiunodefl^r^y v?^l^^?S 

addition, it may be used to bring antigens into close 
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proxiiiiity (e.g, drug targetrting or cell fusion) or it 
may act as a "molecular clamp" in chemical, immunological 
or enzymatic processes » 

The Vector fd-tet and the derivatives described 
5 here, have a single BamHl site in gene 3. This has 
previoiisl:^ been used for the expression of peptide 
fragments on the surface of filamentous bacteriophage 
(Smith GP. (1985) Science 228 pl315-1317 and de la Cruz 
et al w (1988) J Biol, Chem. 263 p4318-4322). This 
10 provides a potential alternative site for the insertion 
of ahtibp<S^ fragments. 

DNA fragments encoding scFv's from Dl,3 or NQll were 
generated r by PCR using the primers shown below. These 
primers weare designed to generate a fragment with BamHl 
15 sites nfear both the terininii, to enable cloning into the 
BamHl site of gene3 (see figure 16(1)). The 
oligonucle^DTtides used, also ensure that the resulting PGR 
product lacks Pstl and Xhol restriction sites normally 
used for manipulating the scPv's (see figure 16(1)). 
20 This will : facilitate subsequent manipxilation of a second 
antibody fragment in the usual way at the N terminus of 
gene 3. fhe oligonucleotides used were:- 

G3Baml 5 ' *TT AAT GAG GAT CCA CAG GTG CAG CTG CAA GAG 3 '^—^ 
G3Bam2 5'AAC 6AA TGG ATC CCG TTT GAT CTC AAG CTT 3'. 
25 Preparati^ of vector and PCR insert 

The PGR reaction was carried out in an 80 pi 
reaction as described in example using ing/jil of 

template and 0.25U/til of Tag polymerase and a cycle 
regime of 94 '^C for 1 minute, 60*C for 1 minute and 70<»C 
30 for 2 miittites over 30 cycles. The template was either 
pscFvNQll ( example 9 ) or scFvDl . 3 myc ( example 2 ) . 
Reaction products were extracted with phenol: chloroform, 
precipitated, dissolved in water and digested with BamHl 
according to manufacturers instructions. The digest was 
35 re-extracted with phenol: chloroform, precipitated and 
dissolved in water. 

The vector fdTPs/Xh was cleaved with BamHl and 
treated with calf intestinal phosphatase and purified as 
described in example 2. Ligations were set up at a 
40 vector cqncentration of approximately 6ng/pl and a PCR 
insert qcrfic^tration of approximately 3ng/pl. These were 
ligated for 2.5 hours at room temperature before 
transforniing into competent TGI cells and plating on TY 
tet Plate's. The resultant colonies were probed as 
45 described in example 8. DNA was prepared from a number 
of colony and the correct orientation and insert size 
confirmed by restriction digestion with Hind III in 
xsolation or in combination with BamHl. (One Hind III 
site is contributed by one of the primers and the other 
50 by the v^:tor). 

Two klbnes containing a D1.3 insert (fdTBaml) and 
fdTBam2) and one containing an NQll insert (NQllBaml) 
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this, the natural BamHl site was J facilitate 

with the oligonucleotide GW«Sm^ w''^^ mutagenesis 

identified by -resSrSri.a^B^"^*!^^"''^"' 

«lthln the p^Sde llLi? LJ^^ °i ^^^^'■^ sites 
16(2) The JJ"^ ili^ B. see figure 

B^jr* 5.CC ,G or A, CC ACC S^g^ „ ^, ^ ^ 

Example 14 

tgg Ph^aaT^nY r ^ -rr- rrrp n.jnj^nn, 

are p'^iSf^g'^seSio^^rj^P 'Lf 

outline is firs? dSStsS ^^^^^ 

amplified. Sepa^t^ nS«rc^ individually 
complementary to vaSS.-!' r/rZif f^ reverse and 
(domain Z^re^us^'^^^ 4???^^ Lj2in^^°^ 
containing DNA by PGR (t^T'IZ. 

a primer for amplific^tiorof S^. °^ ''^^^''^ *° ^'S- 

strand result^a 7t, ««J7 sequences on the sense 

terTiAS rtSS to Ta T^ f°^^"f sequences. The 

Of sequencif on Se^iiseSJf ftrS amplification 

sense coding seouScea ) S?ff resulting in 

molecule B^A^^V'ltr^r ^^lH^ a 'linker- 

sequence (1 letter ^e) (GcSsro^h^^S 

two primary (VH and pS^^lu^Jf ""^^^^^^ 

The separate amplified VH urVV^T f; . 

now have to bf asll^ed St^ a t^nT. sequences 

molecule by use of ^ • ass^iy • P^^""°?S SI!'' 

secondary 'assembly' pgr i-hITuh .rf^ 

tanas are co^lned^anTeisSle^WTlrS o'f^ 
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above re£erred to overlaps. This generates an 
asseioibled DNA fragment that will direct the 
expre^sisioA of VH and one VLK domain. The specific 
VH/VIJC combination is derived randomly from the 
5 separate VH and VLK repertoires referred to above. 

The assembly PCR is carried out in two stages. 
Firstly, 7 rounds of cycling with just the three bands 
present in this PCR, followed by a further 20 rounds in 
the presence of the flanking primers VHlBACac (referring 
10 to domaiji 1 of VH) and VLKFOR. The nucleotide sequences 
for these oligohucleotide primers are provided under the 
section ^titled ' Primer Sequences ' below. This two 
stage process, avoids the potential problem of 
preferential amplification of the first combinations to 
15 be assembly. 

For cloning into the phage system, the assembled 
repertoires must be 'tagged' with the appropriate 
restrictioofi sites. In the example provided below this is 
illustrated by providing an ApaLl restriction site at the 
20 VH end of the continuous DNA molecule and a Not 1 site at 
the VLK CTtd of the molecule. This is carried out by a 
third stage PGR using tagged primers. The nucleotide 
sequences for these oligonucleotide primers are also 
provided itmder the section entitled 'Primer Sequences' 
25 below. There are however, 4 possible kappa light chain 
sequences ( whereas a single consensus heavy chain 
sequence can be used). Therefore 4 oligonucleotide 
primer sequences are provided for VLK. 

For this third stage PGR, sets of primers which 
30 create thg new restriction site and have a further 10 
nucleotides; on the 5' side of the restriction site have 
been used. However, long tags may give better cutting, 
in which c^e 15-20 nucleotide overhangs could be used. 

Scrupulously clean procedures must be used at all 
35 times to avoid contamination during PCR. Negative 
controls containing no DNA must always be included to 
monitor for contamination. Gel boxes must be 
depurinated. A dedicated Geneclean kit (BIO 101, 
Geneclean, La Jolla, San Diego, California, USA) can be 
40 used according to manufacturers instructions to extract 
DNA from an agarose gel. The beads, Nal and the NEW wash 
should be aliquoted. 

All enzymes were obtained from CP Laboratories, P.O. 
Box 22, Bishop's Stortford, Herts CM20 3DH and the 
45 manufacturers recommended and supplied buffers were used 
unless otferwise stated. 
A. RNA Preparation 

RNA can be prepared using may procedures well known 
to those skilled in the art. As an example, the 
50 following protocol (Triton X-100 lysis, phenol/SDS RNase 
inactivation) gives excellent results with spleen and 
hybridoma cells (the addition of VRC (veronal ribosyl 
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4 C. Resuspend gently in 50ml of cold taf fj 

at 4 ana discard supernatant. 
10 2. On ice, add 1 ml Ice-cold lysis buffer to the nellet 
and resuspend it with a 1ml Gilson pIpeSe aSJS 

?IS?^rir /oV T"°r ^'^^^^ centrifugSg at 

20 a3o6o ^^'^ 2 minutes, then microfuge 

TrJnsL^hl ^"^"^ minutes at room temperaturS. 
5 RlfSlSn^^hf aqueous, phase to a fresh tube? 

S™'of "^^^ With 

6. Precipitate with I/IQ volume 3M sodium acetate and 
25 2 5 volumes ethanol at 20-C ovemighT o^J?J ile- 

isopropanol for 30 minutes. ^ 

" ^ncSSraS^or^-SSa^T^raS. on-", S 



35 



B> cDNA Preparation 

40 Known^^^thoTe s^lS^^^helS """L P^-^-- 

following protocol c^li uSS: example, the 

1. Set up the following reverse transcription mix: 

H2O (DEPC- treated) 

45 5mM dNTP 2.0 

10 X first strand buffer 10 
O.IM DTT 

Mll?^igif«t> I ^-^) (see below) 

^l^lrM '^^f^^^yiPy^ocarbonate, the function of which 
is to inactivate any enzymes that could degrade dS 
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or RNA • 

xi) dNTP is deqxynucleotide triphosphate 

iii) DTT is dithiothreitol the function of which is as an 
antioxidant to create the reducing environment 
necessary for enzyme fimction. 

iv) RNasin is a . ribonuclease inhibitor obtained from 
Promega Corporation, 2800 Woods Hollow Road, 
Madison, Wisconsin, USA* 

2. Dilute 10 RNA to 40 pi final volume with DEPC- 
treated water. Heat at 65 for 3 minutes and hold 
on ice for one minute ( to remove secondary 
structure) ^ 

3. Add to the BlfA the reverse transcription mix (58 )il) 
and 4 pi of the cloned reverse transcriptase 'Super 
RT' (Anglian Biotech Ltd., Whitehall House, 
Whitehall Road, Colchester, Essex) and incubate at 
42**C for one hour. 

4. Boil the rea-ctipn mix for three minutes, cool on ice 
for one minute and then spin in a microfuge to 
pellet debris. Transfer the supernatant to a new 
tube. 

10 X first strand buffer is [1.4M KCl, 0.5M Tris-HCl 
pH 8.1 at 42"C 80mM MgCl2]. 

The primers armeal to the 3' end. Examples of kappa 
light chain priitners are MJKIFONX, MJK2FONX, MJK4F0NX and 
M JK5F0NX ( provided under • Primer Sequences ' below ) and 
examples of heavy chain primers are MIGGl, 2 (CTG GAC AGG 
GAT CCA GAG TTC GA) and MIGG3 (CTG GAC AGG GCT CCA TAG 
TTC CA) which anneal to CHI. 

Alternatively, any primer that binds to the 3' end 
of the variable regions VH, VLK, VL, or to the constant 
regions CHI, CK or CL can be used . 
C. Primary PCRs 

For each PCR and negative control, the following 
reactions are set up (e.g. one reaction for each of the 
four VLKs and four VH PCRs). In the following, the Vent 
DNA polymerase sold by (CP. Laboratories Ltd (New 
England Biolabs) address given above) was used. The 
buffers are as provided by CP. Laboratories. 



10 X Vent buffer 5 
20 X Vent BSA 2.5 
5mM dNTPs 1.5 
FOR primer 10 pmbl/pl) 2.5 
BACK primer lOpmol/pl 2.5 

The FOR and BACK primers are given in the section below 
entitled 'Primer Sequences' . For VH, the FOR primer is 
VHlFOR-2 and the BACK primer is VHIBACK. For VLK the FOR 
primers are MJKIFONX, MJK2F0NX, MJK4F0NX and MJK5F0NX 
(for the four respective kappa light chains) and the BACK 
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PooXe, Dorse?. UK I Plai^^f "".(Sigma Chemicais. 
e.g. PHC-2 «uiu™c,^re^^^T°S^ lS block. 

ser ar QA-r f , ^ lecnne Ltd. Duxrord UK nre- 

Baffin.' ^lifTusS 'r^T "^^-^ -^ier ^Se 

(tris!^jLe°"El5.A>oel°?J^°" '^"^"9 agarose/TAE 
per original' P^* Si rc^SSS, ^i^ T^L.'"' "^O 

set up in bulk (e.g. lo times) 

10 X Venr buffer - 

20 20 X Venr BSA ^ _ 

5mM dNTPs X'^ 

LINKFOR primer 10 pmol/ul) 9 «; 

LINKBACK primer lOpmol/ul t't 

DNA from foFv DI.3 (examnle 2) 1 

25 Vent enzyme " ;: 



30 



35 



0.2 



en^it^rSi^ri^? i^^^Ls^f^ ^^P^S ™ 
Amplify using 2?4cles o?S!-r\°^- <^^f,.^°^^> 94-C. 

withouriSmoohenol SSe'^aS a^^biT"^ " '""'^^"^ 
and elute with spin ? t«i fragment is desired) 

Broadway, Ca^Sdae m'b T ^5°"^^ Limited. 205 

up in 5 PI H^^i^rpcR^'l^a^g-^ precipitation. Take 

Assemblv PCRs 

40 usedfSrrc^Yss^r^T^^^^^^^^^^^ - 
set upf """" °' ^"^^ P-^--^ the foirowing are 

H2O 4 05 

45 10 X Vent buffer 2*5 
20 X Vent BSA ^ '9=; 

5mM dNTPs 3!s" 

isolated from the SenSar^^o ^''^ °- ^s 

tne Geneciean ki- a^ d/.fA^ k - -^""^ ^'''^ extracted usxnc 
Ki. as aescrioea in c and a anove. Cove- 
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with paraffin. Place on the cycling heating block preset 
at 94°C> ;Add lul Vent under the paraffin. Amplify using 
7 cycled of 94'C 2 min, 72 *C 4 min. Then return the 
temperature to 94"*C. 
5 Add 1 -Bui each of VHIBACK and the appropriate VKFOR 

primers J M JKlFONX , M JK2F0NX , MJK4F0NX or MJK5F0NX f 10 
pmpl/^i) a-c 94 *C. The primers should have been UV- 
treatedi^as above. Amplify using 20 cycles of 94 ''C 1.5 
rain, 72" C 2.5 min. Post- treat at 60**C for 5 min. Purify 
10 on 2% lii^/TAE gel and extract the DNA to 20^1 per 
assembly PGR using a Geneclean kit ( see earlier ) in 
accordance with the manufacturers instructions. 



F. Adding Restriction Sites 
For each assembly and control set ud: 
15 ul 

H2O 36.5 



10 X tag buffer 5 
5mM dNTPs 2 
FOR primer (10 pmol/uD 2.5 

20 BACK primer (lO'pmol/pl) 2.5 
Assembly product 1 

The FOR and BACK primers are given in the section below 
entitled * Primer Sequences ' . The FOR primer is any of 
25 JKINOTIO/ JK2NOT10, JK4N0T10 or JK5NOT10 (for the four 
respective kappa light chains ) for putting a Notl 
restriction site at the VLK end. The BACK primer is 
HBKAPAIO for putting an ApaLl restriction site at the VH 
end. 

30 Cover with paraffin and place on the cycling heating 

block preset at 94'»C. Add 0.5 ^l Cetus Tag DNA 
polymerase ( Cetus/ perkin- Elmer, Beaconsf ield, Bucks, UK) 
under the paraffin. Amplification is carried out using 

11 to 15 rounds of cycling (depends on efficiency) at 
35 94*C 1 min, 55*C 1 min, 72**C 2 min. Post-treat at 60*C 

for 5 min. 

10 X Tag buffer is [O.IM Tris-HCl pH 8.3 at 25**C, 
0.5M KCi; 15mM MgCl2, Img/ml gelatin]. 
G. Work->up 

40 Purify once with CHCI3/IAA ( isoamylalcohol ) , once 

with phenol, once with CHCI3/IAA and back-extract 
everything to ensure minimal losses. Precipitate and 
wash twice in 70% EtOH. Dissolve in 70ul H2O. 
Digest overnight at 37 'C with Notl: ^ jol 

45 DNA (joined seg) 70 

NEB Notl buffer x 10 10 
NEB BSA X 10 10 
Notl (10 U/pl) 10 
The DNA (joined seguence ) above refers to the assembled 
50 DNA seouence comprising in the 5 * to 3 * direction 
ApaLl restricrion site 
Vfl seguence 
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Linker sequence 
VLK sequence 
Not 1 restriction site. 

sequence may be any one of four possible 
kappa Cham sequences. pos>siDxe 

NEB No?®i^"^®L!?°^w^ AP^^l and the buffers 

NEB Not 1, NEB BSA above and the NEB buffer 4 (below"S 

Se;?Jo"ned^ab^e°" Laboratories, New England^l^^iS 

lOul KSSTa^ndZ^l"AU^'°^' ^^^^ 

as it^SL"^\r^K ^P^^^ aliquots throughout the day 
as It has a short half -life at 37'c 

15 Geneo^Sitf^k!? ^'.JS-P/™ «>a eitract the DNA using a 

H, Final DNA p roduct: 

The final DNA product is an apDroximat:& 7nn Hr. 

^5 (example 5), usxng standard techniques. lat^T^ 
Primer sequences 

VHlFor7"^S2.^>°iit^°^ (restrictions sites underlined): 

GGTGACCGT GOT CCC TTG GCCCr 

JU MJKIFONX CCG TTT GAT TTC CA6 CTT GGT arc 
MJK2F0NX CCG TTT TAT TTC Sg CTT ^ C^^ 
MJK4F0NX CCG TTT TAT TTC CAA CTT TGT CCC 
MJK5F0NX CCG TTT CAG CTC CAG S GGT CCC 
VK2BACK GAC ATT GAG CTC AcE tcJ cS 

Ambiguity codes M = a or C. R = a or G. s = G or C. 



35 



40 



PCR oligos to make linker: 
LINKFOR TGG AGA CTC GGT GAG CTC AAT GTC 
LINKBACK GGG ACC ACG GTC ACC GTC TCC TCA 

For adding restriction sites: 

HBKAPAIO CAT 

GG 



JKINOTIO 
45 GGT GCC 

JK2NOT10 GAG TCA 



JK4NOT10 
50 JK5NOT10 
Example 1 



GGT CCC 
GAG TCA 
TGT CCC 
GAG TCA 
GGT CCC 



ACT 


GCA 


CAG 


TGC 


GGC 


CGC 


TGC 


GGC 


CGC 


TGC 


GGC 


CGC 


TGC 


GGC 
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Insertioh of the Extracellular Domain of a Human Receptor 
for Platelet Derived Growth Factor (PD GF) soform BB into 

f d CAT2 ' 

A gene fragment encoding the extracellular domain of 
5 the human receptor for platelet derived growth factor 
isoform BB (h-PDGFB-R) was isolated by amplification, 
using the polymerase chain reaction, of plasmid RP41, 
(from the American Type Culture collection. Cat. 
No. 50735), a cDNA clone encoding amino-acids 43 to 925 of 

10 the PDGF-B receptor (Gronwald, R.G.K. et al PNAS 85 
P3435-3439 (1988)). Amino acids 1 to 32 of h-PDGFB-R 
constiltute the signal peptide. The oligonucleotide 
primers; were designed to amplify the region of the h- 
PDGFB-r: gene corresponding to amino acids 43 to 531 of 

15 the encoded protein. The primer RPDGF3 for the N- 
terminal region also included bases encoding amino acids 
33 to 42 of the h-PDGFB-R protein (corresponding to the 
first ten amino acids from the N- terminus of the mature 
protein) to enable expression of the complete 

20 extracellular dcxnaln. The primers also incorporate a 
unique ; ApaLl site at the N- terminal end of the fragment 
and a unique Xhol site at the C terminal end to 
facilitate cloning into the vector fdCAT2. The sequence 
of the primers is: 

25 

RPDGF3 CAC AGT GCA CTG GTC GTC ACA CCC CCG GGG CCA GAG 

CTT GTC CTC AAT GTC TCC AGC ACC TTC GTT CTG 3' 
RPDGF2 5' GAT CTC GAG CTT AAA GGG CAA GGA GTG TGG CAC 3' 
pqi amplification was performed using high fidelity 

30 conditions (Eckert, K.A. and Kunkel, T.A. 1990 Nucl Acids 
Research 18 3739-3744). The PCR mixture contained: 20mM 
TrisHCl (pH7.3 at 70'C, 50mM KCl, 4mM magnesium chloride, 
0.01% gelatin, ImM each of dATP, dCTP, dGTP and dTTP, 
500ng/ml RP41 DNA, IpM each primer and 50 xinits/ml Taq 

35 polymerase ( Cetus/Perkin Elmer, Beaconsf ield, Bucks, 
U.K.). Thirty cycles of PCR were performed with 
denatiiratipn at 92 "C for 1 min, annealing at 60 "C for 
Imin and extension at 72 *C for 1.5 min. This reaction 
resulted in amplification of a fragment of ca. 1500bp as 

40 expected. 

fdCAT2 vector DNA (see example 5) was digested with 
ApaLl and Xhol (New England Biolabs ) according to 
manufacturers recommendations, extracted with 
phenol /chloroform and ethanol precipitated (Sambrook et 

45 al, supra). Cloning of amplified RP41 DNA into this 
vector and identification of the desired clones was 
performed essentially as in example 7 except that 
digestion of the PCR product was with ApaLl and Xho 1. 
Colonies containing h-PDGFB-R DNA were identified by 

50 probing with 32p labelled RPDGF2 and the presence of an 
insert in hybridising colonies was confirmed by 
analytical PCR using RPDGF3 and RPDGF2 using the 
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conditions described in example 
Example 16 



It^^... _^25I-PnGF-BB to i:h^ Exlnracellul^r n^,...^ 
^ne ^uman Receptor tor Plar^.i a.t Derived GT-owi-h V^J^l 
isotorm BB Displa yed on the Surface of ^ ^~4S^ 

Measured using an Imm unoprecip it ation Assay." — ^ 

of 1-ho expressing the extracellular domain 

of the human platelet derived growth factor isofonnBB 

S^JSir^Jilt ^-^°°^-«>' "ere prepared by ^oJS^ TcoTl 
MC1061 cells transformed with fd h-PDGFB-R in t;fw,i 
2XTY medium With 15ug/ml tetracycline for 16 t^^ZO ^^urf 
P^^^°l«^ were concentrated using polyethyj^; 

15 in example 6 and resuSp^ed in 

15 banding buffer (25mM HEPES, pH7.4, o.lSmM NaCl iZ, 
magnesium chloride, 0.25% BSA) ?o l/33rS o5^e origiiS^ 
l^ir^U ^^^^"^ bacteria and undissolved matLS^^^ 
tZ°^^^. spinning for 2 min in a mocrocSi?if^?r 
immunoblots using an antiserum raised agaSs? oe^e ??i 

20 protein (Prof. i. Rashed, Konstanz, gSS^^) ISw Se 
presence in such phage preparations of a geneill-h-roGra- 
J.,o^-'^''^k" °^ ""olecular mass 125000 corresponding to a 
fSd SeSe??r".''"''°°'^-'' ^''^^ <i°«ain ( 55000 dllto^? 

25 pSl^Sjri'ide^lIlT molecular mass 70000 on SDS^ 

in«,Kfl?S^°^!u i^2^P^®^ °^ 35ul concentrated phage were 
iSS^S^ in^^ 125I.PDGF-BB (7a.7fmol, 70nCi, 882Ci/mS? 
Sn?^ nn^^i°'^^ Amersham, Bucks) for 1 hou^ 

30 nL«I 7;- were included in which fdTPs/Bs vector 

?5?2 Ih^!^^ 4) or no phage replaced fd h-BDGFB-R phS! 
antisc^Sf™ incubation, lOul of sheep anti-M13 polycloS^ 
antiserum (a gift from M. Hobart) was added anrt 

35 F?oi ^,Ik^ P^"^®"* volume) of protein G Senharose Fast 
35 Flow (Pharmacia, Milton Keynes) equilibrated^ pSSf 

3S"SS^at"lo%" "tl IncubatioTias Sntin^d 

rotS^n^™ ^ *"-?w "^'^''5 ^ end inversion on a 

Sc?JSnt^??So Ji'^ affinity matrix was spun down in a 
40 »t«T2St? ^® ^ ""^ **^e supernatant removed bv 
;f£«"!^T- Non-specifically bound i25i.pDG?:iB was 
bS^J^^nr, jesuspension of the pellet in 0 5ml pS§| 

ceS^rYl^^ fu°perLt:^?' 

.5 gi^rf x^\or -?hr ;:?5-t -f?n°i?f 

^T^'—- " — d£^ 

Si^ii^? (Amersham International) was adSed ?o 

50 BB\??rphage""^"^""'''°^ incubation of 125i!|ScF? 

l25i-PDGF-BB bound to the fd h-PDGFB-R phage and was 
immunoprecipitated in this assay. Specific bindTng?; 
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receptor phage was 3.5 1:0 4 times higher than the non- 
specific binding with vector phage fdTPs/Bs or no phage 
(fig. 19). This binding of ^25i_p£)Qp_BB could be 
displaced by the inclusion of unlabelled PDGF-BB in the 
5 incubation with phage at 37'C (fig. 20). At 50nM, 
unlabelled PDGF-BB the binding of l^Sj.ppQp.gQ 
reduce to the same level as the fdTPs/Bs and no phage 
control. Figure 21 shows the same data, bur with the 
non-specific binding to vector deducted. 
10 these^ results indicate that a specific saturable 

site for -*-^^I-PDGF-BB is expressed on fd phage containing 
cloned h-PDGFB-R DNA. Thus, the phage can display the 
functional extracellular domain of a cell surface 
receptor- 

^5 Example 17, Construction of Phagemid Containing Genelll 
fused with the Coding Sequence for a Binding Molecule 

It; would be useful to improve the transfection 
efficiency of the phage-binding molecule system and also 
to ha^^ the possibility of displaying different numbers 

20 and specificities of binding molecules on the surface of 
the same bacteriophage. The applicants have devised a 
method that achieves both aims. 

The approach is derived from the phagemid system 
based on pacil9 [Vieira, J and Messing, J. (1987) Methods 

25 Enxympl. 153:3]. m brief, gene III from fd-CAT2 
(example 5) and gene ill scFv fusion from fd"CAT2 scFv 
Dl. 3 (example 2) were cloned downstream of the lac 
promotar in separate samples of pUC119, in order that the 
inserted gene III and gene III fusion could be 'rescued* 

30 by M13M07 helper phage [Vieira, J and Messing, J. et 
supra*] prepared according to Sambrootz et al. 1989 
supra. The majority of rescued phage would be expected 
to contain a genome derived from the pUC119 plasmid that 
contains the binding molecule-gene III fusion and should 

35 express varying numbers of the binding molecule on the 
surf ape up to the normal maximum of 3-5 molecules of gene 
III of the surface of wild type phage. The system has 
been exemplified below using an antibody as the binding 
molecule. 

40 An fdCAT2 containing the single chain Fv form of the 

D1.3 .antilysozyme antibody was formed by digesting 
fdTscEVDl.3 (example 2) with Pstl and Xhol, purifying the 
fragment containing the scFv fragment and ligating this 
into Pstl and Xhol digested fdCAT2. The appropriate 

45 clone, called fdCAT2 scFvDl.3 was selected after plating 
onto 2xTY tetracycline (15pg/ml) and confirmed by 
restriction enzyme and sequence analysis. 

Gene III from fd-CAT2 (examole 5) and the gene III 
scFv fusion from fd-CAT2 scFvDl.3 was PCR-amnlif ied using 

50 the primers A and B shown below: 

Primer A: TGC GAA GCT TTG GAG CCT TTT TTT TTG GAG ATT TTC 
AAC G 
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?S^?Ig"c '^'^ '''''' '''''' """" "^^"^ "^AC GCA GTA 

Primer A anneals to the 5' end of gene III int=iuri-ir,„ 
the ribosome binding site is located incorpSStes I 

^ J^'^^- ^^^^^ ^ to the 3- Sd ofgLe 

III at the C-terminus and incorporates two UAA ston 
codons and an EcoRl site. 100 ng of fd-CAT2 and f d-S?2 
scFv Dl 3 DNA was used as templates for pS-L?SffcaSon 
in a total reaction volume of 50ul as d^rShS 
example 7, ^e«cept that 20 cycles of*^ amSifl^So^f weJS 
performed: 94;c 1 minute, 50-C 1 minute, 72-C 3 mlnuteJ 
This resulted in amplification of the expe«ied ? 
fSrS!3*"" ^ ^ '-'^ fragLn??^."^fa-^S 

III ~? digested with EcoRl and Hind 

i' 9fl-P"^ified and ligated into Eco-Rl- and Hind 11 1- 
cut and dephosphorylated pUC119 DNA and traSforiSd llln 
E.coli TGI using standard techniques (SamS^ ef^S 
supra). Transformed cells were plated on loB*aa2 

i^pTc^^lfn ^ II gi?i,L.^-5Si ^S^ij^-^^ 

id^!Si^^L°\^^^^^^^^ -3 
Example IB. Rescue o f Antl-Lvsozvme Ant ihnriTr Soecifiei^^ 
trom pCAT-3 scFv D1.3 by m3K07 i^xDoay specxficxty 

^n-^uJ"^"^^® pC^T-3 and pCAT-3 scFv D1.3 colonies were 
picked xnto 1.5ml 2Ty containing lOOug/ml iSiSllin^ 
2% glucose, and grown 6 hrs It 30^c. 3oS of ?hf2f 
stationary cells were added to SnSs 2YT ^.«ni» 
lOOpg/njl ampiciU^in and 2% glucos°e l^lo^^'Zoi^l^T^l 
tubes (Falcon, Becton Dickinson Labware 1950 WiiitSJo 
Drive, Oxnard, CA. USA) and grown for 1.5 tos at 3 J-J^ 
380rpm in a New Brunswick 0?bital Shak^ oSlw Br^SiS 
Scientific Ltd. , Edison House 163 DixoM Hill road^oJS^ 
Mimms, Hatfield, UK). Cells were oel let*. ?^ 
c^trifugation at 5,000g for 25 minuleJ Ji^^tSe^es 
drained on tissue paper. The cell oellers ^ 

""^ containing 1.2SSt^;.?!J" 
J J'^^'-f^^^ "^^^ mixture was left on ice 

An^"^^^^ followed by growth at 35-C for 45 miSuieS 

"^'^^"ampiSilSr^^^^^^^ 

nho„«^*^^ following day the cultures were centrifuoed and 
6 ^Iha^-i?;.''^^ precipitated as described Jn SLSe 
b. Phage pellets were resuspended in lOOul TE (tria-FnTi 
see example 6) and phage titred on E.coli TGI aJ^^S 
of infected cells were plated on ''Tv con^^in^r^rT 
lOOpg/ml ampicillin to siect fcrpUC^ig^oS'geT^Sr^f 

phage. Plates were incubated overnight at 37 -c 



anc 
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ant:ibiot±b-resistant colonies counted: 
DNA amp^ kan^ 

pCAT-3 !• 8x10 J J colonies 1.2xl09 colonies 

pCAT--3scFv D1.3 2.4xl0-*--*' colonies 2.0x10^ colonies 
5 This shows -that "the amp^ phagemid particles are 

infective and present in the rescued phage population at 
a 100-fol^ excess over kan^ M13K07 helper phage. 

Phage were assayed for anti-lysozyme activity by 
ELISA as disscrdLbed in example 6, with the following 
10 modifications: 

1) ELISA plates were blocked for 3 hrs with 2% 
Marvel/PBS. 

2) 50pl phage, 400^x1 IxPBS and 50]xl 20% Marvel were 
mixed end over end for 20 minutes at room temperature 

15 before adding 150^1 per well. 

3) Phage were left to bind for 2 hours at room 
temperature. 

4) All washes post phage binding were: 
2 quick rinses PBS/0-5% Tween 20 

20 3x2 minute washes PBS/0-5% Tween 20 

2 cpxick rinses PBS no detergent 
3x2 minute washes PBS no detergent 

The result of this ELISA is shown in figure 22, 
which shbws that the antibody specificity can indeed be 
25 rescued ^ficiently. 

It is considered a truism of bacterial genetics that 
when mutant and wild-type proteins are co-expressed in 
the same: cell, the wild- type proteins are co-expressed in 
same cell, the wild- type protein is used preferentially. 

30 This is analogous to the above situation wherein mutant 
(i-e. antibody fusion) and wild-type gene III proteins 
(from M13K07) are competing for assembly as part of the 
PUC119 phagemid particle. It is therefore envisaged that 
the majority of the resulting pUC 119 phage particles 

35 will have fewer gene Ill-antibody fusion molecules on 
their starface than is the case for purely phage system 
described for instance in example 2. Such phagemid 
antlbodi^ are therefore likely to bind antigen with a 
lower avidity than f d phage antibodies with three or more 

40 copies of the antibody fusion on their surfaces (there is 
no wild-type gene III, in the system described, for 
instance, in example 2 ) , and provide a route to 
production of phage particles with different numbers of 
the same binding molecule (and hence different acidities 

45 for the; ligand/antigen) or multiple different binding 
specificities on their surface, by using helper phage 
such as M13K07 to rescue cells expressing two or more 
gene Ill-antibody fusions. 

It is also possible to derive helper phage that do 

50 not encode a functional gene III in their genomes (by for 
example deleting the gene III sequence or a portion of it 
or by incorporating an amber mutation within the gene). 
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These defective phages will only grow on apDronriate 
cells (for example that provide funSional gS^ in S 
trans, or contain an amber supressor gene), but when used 
to rescue phage antibodies, will oSly i^coiporate ?S 

' ?S:as^^^ SSg^lJrt^lxT 

B^i^iuJ^S^"" P fficiency of an. 

in «T,^ JS.^..^-?' ^ pCAT-3 scFv D1.3 plasmid DNAs 

TnJ^^Jn.^ phage DNA was prepared, and used to^ansf^ 

w;S^ DlIS^ S^'S,^ ^''-^ transfor^ZoS 
^oi^ , °" ^Sr^ containing lOOuo/ml amoicillin 

and 2% glucose, and incubated overnight at SO'cf^fSJ^i-S 

15 lV^!lT^-°''^ ''^^^ P?^*^^ containing S^/m? 

15 tetracycline and incubated overnight at 37'c 

pg^'?S;t"'SS.""'°'^°^^^ expressed ^as coronieYpS^ 

20 pS? 19 Transfomation efficiency 

pCAT-3 i;j^08 

pCAT-SscPv D1.3 1 io8 

fd CAT-2 l:l°5 

->«; 4^ ^ expected, transformation of the phagemid vector 
25 is approximately 100-fold more efficient that tS 
parental fdCAT-2 vector. Furthermore, tSe presSce of a 
SCFV antibody fragment does not compromTsl^ScleSSv 
Thxs improvement in transformation efficiencrT; 
30 ?JS?ail^s%ra?"Lt" T °^ pJ^ge'^^SS^^I 

ii^?i'?pecTflcities! -Pertoires of different 

Example 20 

^t?SSff?r® utility of phage for the selection of 
antibodies from repertoires, the first requirement is °l 

^ diverse, representative libra^^ If 
^^^■^^ repertoire of an animal and displarthis 
repertoire on the surface of bacteriophage fd 
f-nr.^ i^°^^^^^J' isolated according to example 14 

f wee^S a°fte^r fJf^^ °^ ^^^^ "^^^ ^^"^^^ booSted 
d weeKs after primary immunisation with 2-nhenvi-«? 

nSS°iS? ^^"^ 2"^^ *° '^^^^^^^ serS. albLln ""^nI 

preparation and PCR assembly of the mouse VH and VL kanna 

ff 'display was as described In LS??! 

A^T2 *hus obtained were ligated Tnto 

ADaLl^®°^?i^^«S^l''^^,®**^^^''®^y digested with Notl and 
50 sSnriV f^S ? by electroelut^on (Sambrook et al.a989 
i)0 supra) and 1 jig ligated to 0.5 ]ig (5 ug for the 
hierarchial libraries: see example 22) of the asl^nbSl 
SCFV genes in 1 ml with 8000 Snits T4 DNA figasTfJlw 



35 



40 
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England Blolabis) . The ligation was carried out oveniight 
at 16 ^C. Purified ligation mix was electroporated in six 
aliquots vinto MC1061 cells (W. J. Dower, J. F, Miller & 
C, W* Ragsdale Nucleic Acids Res. 16 6127-6145 1988) and 
5 plated NZY mediisn (Sambrook et al. 1989 supra) with 
15pg/ml tetracycline, in 243x243 mm dishes (Nunc): 90-95% 
of clones- contained scFv genes by PGR screening. 
Recombin^t colonies were screened by FCR (conditions as 
in example 7 using primers VHIBACK and MJKIFONX, 

10 MJK2F0NX, MjK4F0NX and MJK5F0NX (see example 14) followed 
by digestion with the frequent cutting enzyme BstNl (New 
England fiioliabs, used according to the manufacturers 
instructions). The library of 2x10^ clones appeared 
diverse as judged by the variety of digestion patterns 

15 seen in Figure 23, and sequencing revealed the presence 
of most VH groups (R- Dildrop, Immunol. Today 5 85-86. 
1984) anqi VK subgroups (Rabat. E.A. et al- 1987 supra) 
(data not shown). None of the 568 clones tested bound to 
phOx as <Setected by ELISA as in example 9. 

20 Thus the ability to select antibody provided by the 

use of jritoge antibodies (as in example 21) is essential 
to readily isolate antibodies with antigen binding 
activity from randomly combined VH and VL domains. Very 
extensive screening would be required to isolate antigen- 

25 birading fragments if the random combinatorial approach of 
Huse et dl. 1989 (supra) were used. 
Exaaiple 20. 

Selectioa of Antibodies Specific for 2*phenyl-5-oxazolone 
from a Repertoire Derived from an Immunised Mouse 

30 The library prepared in example 20 was used to 

demonstraite thait ability of the phage system to select 
antibodiess on the basis of their antibody specificity. 

None of the 568 clones tested from the unselected 
library bound to phQx as detected by ELISA. 

35 Screening for binding of the phage to hapten was 

carried out by ELISA: 96-well plates were coated with 10 
yg/ml phOx-BSA or 10 pg/ml BSA in phosphate-buffered 
salinet (PBS) overnight at room temperature. Colonies of 
phage-tr^sduced bacteria were inoculated into 200 pi 2 x 

40 TY with 12.5 pg/ml tetracycline in 96-well plates ('cell 
wells', Nuclori) and grown with shaking (300 rpm) for 24 
hours at 37 "^C. At this stage cultures were saturated and 
phage titres were reproducible (10^^ TU/ml). 50 ]il phage 
supemat^t, mixed with 50 \xl PBS containing 4% skimmed 

45 milk powder, was then added to the coated plates. 
Further details as in example 9. 

The' library of phages was passed down a phOx 
affinity column (Table 4A), and eluted with hapten. 
Colonies from the library prepared in example 22 were 

50 scraped into 50ml 2 x TY medium37 gnd shaken at 37 *C for 
30 min. Liberated phage were precipitated twice with 
polyettfylene. glycol and resuspended to 10^^ TU 
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15 



20 



F^^l^i^'^^V^^ «s example 8). 

For affinity selection, a 1 ml column of phOx-BSA- 
Sepharose (O. Makela, M. Kaartinen, J.L.T. PelonW^Ld K 

phosphate-buffered saline (PBS), and 20 ml 
MS containing 2% skimmed milk powder (MPBS). I0l2 S 

£^^^."Tf \*^fn^, ^° '"^S' ^^s*»ed with 10 ml MPBS 
and finally 200 ml PBS, The bound phage were eluted witt 
in rai 1 MM 4-6-amino-caproic acid methylene 2-Dhenvl- 

10 o;^azol-5-one (phOx-CAP; o. Makela et al. 1978, fuSa) 
About 106 TU eluted phage were amplified by ikf ertlS l 
ml log phase E.coll TGI and plating as ^oveT For a 
further round of selection, colonies Sere soraSid into 10 
ml 2 X TY medium and then processed as aboST M the 
eluted clones, 13% were found to bind to phto after toe 

«3 slpeJnTt^S o^^^^^^^ 

S? f5IS?"°S^-H ^^'f « sequel; 

Sh with primer LINKFOR (see example 14) for the 

P""^ ^'^^Q^ (5'-GAA TTT TCT GTA TGA S) 
for the Vk genes. Twenty-three of these hapten-bindino 
clones were s^enced and eight different VH gSes ( A^ 
differl^^ S?"^ ^ ^^^^^ pairings wSh sevS 

^ifff *° 9> (Fl9- 24). Most of the 

domains, such as VH-B and Vk-d were ' promiscuoi ' aS^ 
to bind hapten with any of several partners ' 
qn o«»«« . sequences of the V-genes were related to those 
30 seen in the secondary response to phOx, bSt wi?h 
differences (Fig. 24). Thus phOx hybridom4s from toe 
secondary response employ somatically mutated derivatives 
of three types of Vk genes - vkoxl. 'Vkox-like' Sd 
Vk45.1 genes (C. Berek, G. M. Griff itos £ c NHfi=i-l7„ 
35 Nature 316 412-418 (1985). These cS ^Jr wito ^ gSS 

t"^^^^^"- -""^ cSmmonly pairs^S?S 

the VHoxl gene (VH group 2. R.Dildrop uupra). VkJS 
genes are always, and Vkox-like genes of tS? fouiS^ S 
association with heavy chains (including {^oxT) anS 
mo;??^^^ v*!?f* ^^^""^ CDR3, with^the seiieS 

ZliL "^'^^^^ central glyciiST^ 

needed to create a cavity for phOx. in the ranrt«m 
combinatorial library howevSr, nearly il of tJe VH 
45 ^tT^^^ ^' °f the Vk genei werl^x! 

CDR3, motif Asp/Asn-X-Gly-x-X (Fig. 24). Vkoxl and VHoxl 
were found only once (Vk-f and VH-E), and not S 
combination with each otoer. indeed Vk-f lacks the Trp9? 
involved in phOx binding and was paired wito a ^ (^c) 
50 with a six residue CDR3. a vn ivn 

Ji^.^V^^^^ combination of VH and VK genes was 
identified in phOx-binding clones selected from tSI 



wo 92/01047 



PCr/GB9I/01134 



76 

random camblnatlonal libraiy. The nmnber of clones foiind 
with each coniblnation are shown In Fig* 25. The binding 
to phOx-BSA, as judged by the ELISA signal, appeared to 
vary (marked by shading in Fig. 25). No binding was seen 
5 to BSA alone. 

A second round of selection of the original, random 
combinational library from immune mice resulted in 93% of 
eluted clones binding phOx (Table 4). Most of these 
clones were Vk-d combinations, and bound strongly to phOx 
10 in ELISA (data not shown). Few weak binders were seen. 
This suggested that affinity chromatography had not only 
enriched for binders, but also for the best. 

Florescence quench titrations determined the Kd of 
VH-B/Vk-d for phOx-GABA as 10"® M (example 23), 
15 indicating that antlbtodies with affinities representative 
of the secondary response can be selected from secondary 
response, only two (out of eleven characterised) secrete 
antibodies of a higher affinity than VH-B/Vk-d (C. Berek 
et al. 1985 supra). The Kd of VH-B/Vk-b for phOx-GABA 
20 was determined as 10""^ M (example 23). Thus phage 
bearing scFv fragments wi>th weak affinities can be 
selected with antigen, probably due to the avidity of the 
nultiple antibody heads on the phage. 

This example shows that antigen specificities can be 
25 isolated from libraries derived from immunised mice. It 
will often be desired to express these antibodies in a 
soluble form for further study and for use in therapeutic 
and diagnostic applications . Example 23 demonstrates 
determination of the affinity of soluble scFv fragments 
30 selected using phage antibodies Example 27 demonstrates 
that soluble fragments have similar properties to those 
displayed on phage. For many purposes it will be desired 
to constrruct and express an antibody molecule which 
contains the Fc portions of the heavy chain, and perhaps 
35 vary the t immiinbglobulin isotype. To accomplish this, it 
is necei^sary to subclone the antigen binding sites 
identified using the phage selection system into a vector 
for expri^ssElon in mammalian cells, using methodology 
similar to that described by Orlandi, R. et al. (1989, 
40 supra). For instance, the VH and VL genes could be 
amplified separately by PGR with primers containing 
approj^riate restriction sites and inserted into vectors 
such as pSY-gpt HulgGl (L. Riechmann et al Nature 332 
323-327), 1988) which allows expression of the VH domain 
45 as part of a heavy chain IgGl isotype and pSV-hyg HuCK 
which allows expression of the VL domain attached to the 
K light chain constant region. Furthermore, fusions of 
VH and VL domains can be made with genes encoding non- 
immunogldbulin proteins, for example, enzymes. 
50 Example 22 

Generation of Further Antibody Specificities by the 
Assembly of Hierarchical Libraries 
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Further antibody specificities were derived from the 
library prepared and screened in examples 20 and 21 usino 
a hierarchical approach. 

The promiscuity of the VH-B and Vk-d domains 
5 prompted the applicants to force . further pairings by 
assembling these genes with the entire repertoire^ if 
either Vk or VH genes from the same immunised mice. The 

^ "^^nl^'if'^^'^' IJ^^a^ies, (VH-B X Vk-rep and 
VH-rep X Vk-d) each with 4xl07 members, were subjected 
10 to a round of selection and hapten-binding clones 
isolated (T^le 4). As shown by ELISA, most we?e strong 
binders. By sequencing twenty-four clones from each 
library the applicants identified fourteen new partners 
IS ri^TSu"^ thirteen for Vk-d (Fig. 24). Apart from VH- 
15 B and Vk-c, none of the previous partners (or indeed 
other clones) from the random combinatorial library was 
isolated again. Again the Vk genes were mainly ox-like 
-.^f ^ mainly group 1 (as defined in Dildrop, 

R. 1984 supra), but the only examples of Vkoxl (Vk-h -n 
-q and -r) have Trp91, and the VH-CDR3 motif Asp-X-Gly-xl 
X now predominates. Thus some features of the phOx 
hybridomas seemed to emerge more strongly in the 
hierarchlal library. The new partners differed from each 
other mainly small alterations in the CDRs, Indicating 
tiiat much of the subtle diversity had remained untapped 
by the random combinatorial approach. More generally it 
has been shown that a spectrum of related antibodies can 
be made by keeping one of the partners fixed and varying 
on 1 . other, and this could prove invaluable for fine 
30 tuning of antibody affinity and specificity. 

Therefore, again, phage antibodies allow a greater 
properties^*^*^^ molecules to be analysed for desired 

35 <«oi ^^^^if'.^^''^ example 21, demonstrate the 

35 isolation of individual antibody specificities through 
^™iSL °fV ^ surface of phage. However, for soSe 
purposes it may be more desirable to have a mixture of 
antibodies, equivalent to a polyclonal antiserum (for 
instaiice, for immunopreclpitation) . To prepare a mixture 

clones and express soluble 
antibodies or antibody fragments or alternatively select 
clones from a library to give a highly enriched pool of 
encoding antibodies or antibody fragments directed 
against a ligand of Interest and express antibodies from 
45 these clones. 
Example 23 

°5^:ft"^^^b°dles DlsDlaved on Bacterionhnry p t.-r^h 
g^l^eggnt Affinities for 2- phenvl-5-oxazol£ne usi^i;^ 
Affinity Chromatography ' ^ 

^° o*..- "^If ^^i^^ ^^^^ ^" example 21 suggested that 

affinity chromatography had not only enriched for 
binders, but also for the best. To confirm this the 
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binding affinities of a strong binding and a weak binding 
phage w^re determdLned and then demonatrated that they 
could be separated from each other using affinity 
chroma td^aphy • 

5 Clotfes VH-B/Vk-b and VH-B/Vk-d were reamplified with 

MJKlFONXv MJK2F0NX, MJK4F0NX and MJK5F0NX (see example 
14) and VHIBACK-Sfil (5*-TCG CGG CCC AGC CGG CCA TGG 
CC(G/C) AGG T(C7G)(A/C) A(A/G)C TGC AG(C/G) AGT C(A/T)G 
G), a priiner that introduces an Sfil site (underlined) at 
10 the 5' of the VH gene. VH-B/Vk-d was cloned into a 

phagemid e.g. pCTMl (a gift from A. Griffiths and J. 
Marks ) as an Sf il-NotI cassette, downstream of the pelB 
leader for periplasmic secretion (M. Better at al. 
supra), with a C- terminal peptide tag for detection (see 
15 example 24 and figure )> and under th control of a Pt 
promoter (H. Shimatake & M. Rosenberg Nature 292 128-132 
1981). yhe phageiaid should have the following features: 
a) unique Sfil and Notl restriction sites- -downstream of a 
pelB leader; 43) a/ sequence encoding a C- terminal peptide 
20 tag for detection; and c) a /\ promoter controlling 
expression. 10 litre cultures of E.coli N4830-1 (M. E. 
Gottesman, S. Adhya & A* Das J*Mol^Biol 140 57-75 1980) 
harbouring each phagemid were induced as in K. Nagai & H. 
C. Thogefcson (Methods Enzymol 153 461-481 1987) and 
25 supematants precipitated with 50% ammonium sulphate. 
The resuspended precipitate was dialysed into PBS + 0.2 
mM EDTA (PBSE), loaded onto a 1.5ml column of 
phOx:Sepharose and the column washed sequentially with 
100 ml PBS: 100 ml 0.1 M Tris-HCl, 0.5 M NaCl, pH 8.0: 
30 10ml 50 mM citrate, pH 5-0: 10 ml 50 mM citrate, pH4,0, 
and 20 ml 50 mM glycine, pH 3.0. scFv fragments were 
eluted with 50 inM glycine, pH 2.0, neutralised with Tris 
base and dialysed against PBSE. VH-B/Vk-b was cloned 
into a phagemid vector based on pUC119 encoding identical 
35 signal and tag sequences to pJMl, and expression induced 
at 30*C in a 10 litre culture of E.coli TGI harbouring 
the phagemid as in D. de Bellis & I. Schwartz (1980 
Nucleic Acids R^s 18 1311 ) . The low affinity of clone 
VH-B/Vk-b made its purification on phOx-Sepharose 
40 impossible. Therefore after concentration by 
ultrafiltration {Filtron, Flowgen), the supernatant (100 
ml of 60& mi ) was loaded onto a 1 ml column of protein A- 
Sepharos<b cpoupled (E. Harlow & D. Lane 1988 supra) to 
the monodlonal antibody 9E10 (Evan, 6. I. et al. Mol.Cell 
45 Biol. 5 3610-3616 1985) that recognises the peptide tag. 
The column was washed with 200 ml PBS and 50 ml PBS made 
0.5 M in NaCl. scFv fragments were eluted with 100 ml 
0.2M glycine, pH 3.0, with neutralisation and dialysis as 
before. 

50 The Kd (1,0 + 0.2 x lO'^ M) for clone VH-B/Vk-d was 

determined by fluorescence quench titration wirh 4-E- 
amino-butyric acid methylene 2-phenyl-oxazol-5-one (phOx- 
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GABA CO. Makela et al, 1978 supra). Excitation was at 
280 nm, emission was monitored at 340 nm and the 
calculated. The of the low affinity clone VH-B/Vk-b 

^^3hBr concentrations of 
phOx-GABA required, excitation was at 260 nm and emission 
was monitored at 304 nm. In addition the fluoresceno^ 
values were divided by those from a parallel titrationof 
the lysozyme binding Fv fragment D1.3. The value was 
10 calculate as In H. N. Elsen Meth.Med.Res. ir lT5-?S! 
i f«in nxixture of clones VH-B/Vk-b and VH-B/Vk-d 
7xl0l0 TU phage in the ratio 20 VH-B/Vk-b : 1 Am-B/Vk-d 
were loaded onto a phOx-BSA-Sepharose column in 10 ml 
MPBS and eluted as above. Eluted phage were used to 
^^T^ E coll TGI, and phage produced Ld harvested as 

l^T.^PF^^"^^^^ ^° ^ P*^ar« loaded onto a 

* Sf^*^ column and the process repeated to give a 
total of three column passes. Dilutions of eluted phage 
at each stage were plated in duplicate and probed 
^^S^™*®-'-^ oligonucleotides specific for Vk-b (5 'GAG 

1 \.~r''w these two rounds, essentially all the 

S«h«^f^^ "^K^ VH-B/Vk-d (table 4). Therefore phage 
25 ^JJ'??! ^*"^!? ^ selected on the basis of the an?igL 
25 affinity of the antibody displayed. t-J-gen 
Example 24 

°^ Phaaemld dheni ^or the E^r^^^^i r.r. ^-f 
^ntibody Fragments Expre ssed on the Surfa ce"^ 
Bacteriophage followlntT SuperinfeetlSK 

niicnr^vrf^^^ P"^*^^ (figure 26) is a derivative of 
3-il 10^7 ^ ^ "ffsi«9' J- Methods Enzymol 153 pp 

T^ii,',^/ i^*"® coding region of g3p from fdCAT2, 

xnclu^ng signal peptide and cloning sites, was amplified 
-^s ^y.r^' "M?^ primers G3FUF0 and G3FUBA (givaT beloW 
35 (which contain EcoRl and Hlndlll sites respectively) 2^ 
SnSSi Noi-f «^"^^^^-EcoRI fragment into pUC119r^' 
Hindlli-NotI fragment encoding the g3p signal sequence 
was the replaced by a pelB signal peptide (Better 

1041-1043, 1^8) Si?h ^ i^teSl SfS 
Site, allowing antibody genes to be cloned as fil-Notl 
fragments A peptide tag, c-myc, (Munro, S. & Pelham, H. 
Sii o^^i ^l^^^ ''^^ introduced directly after the 

^n^Ll^\^ cloning an oligonucleotide cassette, and 
followed by an amber codon introduced by site-dii^cted 
mutagenesis using an in vitro mutagenesiJ kit (Amersh^ 
International) (figure 26b). inmej.s,nara 

?G?^AG^C;^° T^LATT^T ATT AAG ACT CCT TAT TAC GCA GTA 
^° GAA_GCT_TTG GAG CCT TTT TTT TTG GAG ATT TTC 
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Example 25 

Display of Single Chain Fv and Fab Fragments Derived from 
the Anti^OxazdlQne Antibody N010,12^5 on Bacteriophage fd 
5 tising plffiNl and f dCAT2 

A r^nge of constructs (see figure 27) were made from 
a clone (essentially construct II in pUC19) designed for 
expressiCOT in bacteria of a soluble Fab fragment (Better 
et ai. 1988 see above) from the mouse anti-phOx (2- 

10 phenyl^sidxazQlone) antibody NQIO.12.5 (Griffiths, G. M, 
et al« l|atur6 312, 271-275, 1984). In construct II, the 
V-regions are derived from NQ10.I2.5 and attached to 
human C3Cr arid CHI (Ifl isotype) constant domains* The C- 
terminai cysteine residues, which normally form a 

15 covalent llrdc between light and heavy antibody chains, 
have been deleted from both the constant domains. To 
clone heavy and light chain genes together as Fab 
fragments (construct II) or as separate chains 
(constructs III and IV) for phage display, DNA was 

20 amplifieaa from construct II by PCR to introduce a Not I 
restriction site at the 3' end, and at the 5' end either 
an ApaLlislte (for cloning into fd-GAT2) or Sfil sie (for 
cloning into pHENl ) . The primers FABNOTFOK with 
VHIBACKAPA ( or VH1BACKSFI15 ) were used for PCR 

25 amplification of genes encoding Fab fragments ( construct 
II), the primers FABNOTFOH with VHIBACKAPA (or 
VH1BACKSFI15 ) for heavy chains (construct III), and the 
primers FABNOTFOK and MVKBAAPA (or MVKBASFI) for light 
chains (COTStruct IV). 

30 The. single-chain Fv version of NQIO.12.5 (construct 

I ) has the heavy ( VH ) and light chain ( Vk ) variable 
dOTiains joined by a flexible linker (Gly4Ser)3 (Huston, 
J. S. eft al. Proc. Natl. Acad. Sci. USA 85 5879-5883, 
1988) aifii wa^ constructed from construct II by * splicing 

35 by overlap extension' as in example 14. The assembled 
genes were reamplif led with primers VK3F2N0T and 
VHIBACTAPA (or VH1BACKSFI15) to append restriction sites 
for closing into fd-CAT2 (ApaLI-NotI) or pHENl (Sfil- 
Notl). - 

40 

VHIBACKAPA, 5' -CAT GAC CAC AGT GCA CA G GT(C/G) (A/C)A(A/G) 
CTG CAG KC/G)AG TC(A/T) GG; 

VH1BA(3CSBFI15,5'-CAT GCC ATG ACT CGC GGC CCA GCC GGC CA T 
GGC C(C^G)A GGT (C/G)(A/C)A (A/6)CT GCA G(C/G)A GTC 
45 (A/T)GG; V 

FABNOTFOH, 5 '-CCA CGA TTC TGC GGC CGC TGA AGA TTT GGG CTC 
AAC TTT CTT C3TC GAC; 

FABNQTFOK,5V-CCA CGA TTC TGC GGC CGC TGA CTC TCC GCG GTT 
GAA GCT CTT TGT GAC; 
50 MVKBAAPA, 5 ' -Ca6 AGT GCA CT C GAC ATT GAG CTC ACC CAG TCT 
CCA; 

MVKBASFI, 5 '-CAT GAC CAC G CG GCC CAG CCG GCC ATG GCC GAC 
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ATT GAG CTC ACC CAG TCT CCA; 

VK3F2N0T,5'-TTC TGC GGC CGC CCG TTT CAG CTC GAG CTT GGT 

Restriction sites are underlined. 
5 Rescue of Phage and Phagenid particles 

^"^^ (figure 27) were Introduced into both fd- 
CAT2 and pHENl. Phage fd-CAT2 (and fd-CAT2-I,ll,iii or 
IV) was taken from the supernatant of infected E.coli TGI 
10 ?f 1"? overnight in 2xTY medium with 

10 12.5pg/ml tetracycline, and used directly in ELISA. 
Phagemid pHENl (and pHENl-i and II) in E.coli TGI (supE 
TffL^^*" overnight in 2 ml 2xTy medium, 100 jig/ml 
ampicillin, and 1% glucose (without glucose, expresilon 
1= g3p prevents later superinfection by helper phaoe) 

2^ o^***® overnight culture was used to innoculate 2 mi 
of 2xTy medium, lOOpg/ml ampicillin, 1% glucose, and 

resuspended in 2KTy, 100 pg/ml ampicillin, and aphagemld 

20 S^^i fL''®^^"^ ^^^""^ 2 m (loSpfu) VCSM13 helper 
20 phage (Stratagene) . > After growth for one hour, 4ul 

^^I'^C"^^ ^ culture groim 

;r.J*'®^P*^^^®"^*^ particles were concentrated 10- 
SlSA precipitation with polyethylene glycol. 



25 



30 



Detection of phage binding to 2-phenyl-5-oxazolone (phOx) 
was performed as in example 9. 96-well plates were 
SS^S? h'?***.^^ "^^"^ Phox-BSA or 10 pg/«l BSA !n SI 
^^^^F y temperature, and blocked with PBSS 

containing 2% skimmed milk powder. Phaoe fmld^ 
J?^^ "^"^ 50 pi PBS contliniAg 4% 

?^ K.^'J'*^ ^^^^^ ^ ^ w^lls and assayed. 

To detect binding of soluble scFv or Fab fragments 
secreted fr«n pHENl, the c-myc peptide tag descrlbS S 
Munro and Pelham 1986 supra, was detected using the anti- 

;6?o'"????^°?Qi.;?^i°,i^^' cell Bi^f s 

3610-3616 1985) followed by detection with peroxidase- 
conjugated goat anti-mouse Immonoglobulln. Other details 
are as in example 9. uetoiis 

40 fr«nmon?o°«^^i?"°*'^ f'' ^^^"^^ ^ display antibody 

40 fragments of the surface of filamentous phage. The phaoe 
vector, fd-CAT2 (figure 8) is based on tiie vector fd-?I? 
(Zacher, a. N. et al. Gene 9 127-140," 1980) and has 
restriction sites (ApaLI and NotI) for cloning antibody 
4-5 9^^. (or^ other protein) genes for expression as fusions 
45 to the N-termlnus of the phage coat protein gSp 
Transcription of the antibody-g3p fusions in fd-CAT2 is 
driven from the gene HI promoter and the fusion protein 
targetted to the periplasm by means of the g3p leader. 
«?n I? ^ fragments of NQIO.12.5 cloned into fd-CAT2 

Sr\tiS %J^^^f^'^J'° ^^"^ *° Pi»0«-BSA (but not BSA) 
hy ELISA (table 5). Phage were considered to be binding 
if A405 of the sample was at least 10-fold greater that 
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the background in ELISA. 

The phagemid vector^ pHENl (fig. 26), is based upon 
pUC119 and contains restriction sites (Sfil and NotI) for 
cloning the fusion proteins. Here the transcription of 
5 antibody-^g3p fusions is driven from the inducible lacZ 
promoter and the fusion protein targetted to the 
peripla3ni by means of the pelB leader. Phagemid was 
rescue^d with VCSM13 helper phage in 2xTY medium 
containing no glucose or IPTG: under these conditions 

10 there is ^ufficitot expression of antibody-g3p. Fab and 
scFV fr^ments of NQIO.12.5 cloned into pHENl for display 
were shown to bind to phOx-BSA (but not BSA> by ELISA 
(Table 5) using the same criterion as above. 

An alternative methodology for preparing libraries 

15 of Fab fragments expressed on the surface of phage would 
be to: 

1. Prepare a library of phage expressing heavy chain 
(VHCH) genes from inserts in the phage genome. 

2. Prepare a library of light chain genes in a plamid 
20 expression vector in E.coli, preferably a phagemid, and 

isolate the soluble protein light chins expresed from 
this library. 

3. Bind the soluble protein light chains fromt he 
library to the heavy chain library displayed on phage. 

25 4. Select phage with the desired properties of affinity 
and specificity. 

These will encode the heavy chain (VHCH) genes. 

5- Isolate the light chain genes encoding ight chains 

which form suitable antigen binding sites in combination 

30 with thes selected heavy chains, preferably by using 
superinf0ctin of bacteria, containing phagemid expressing 
the light chain, with phage expressing the selected heavy 
chain (as described in example 20) and then assaying for 
antigen binding. 

35 Example 36 

Rescue of Phagemid Encoding a Gene III Protein Fusion 
with Antibody Heavy or Light Chains by Phage Encoding the 
Complementajry Antibody Chain Displayed on Phage and the 
Use of this Technigue to Make Dual Combinatorial 

40 Libraries ~ 

With random combinatorial libraries there is a 
limitation on the potential diversity of displayed Fab 
fragments due to the transformation efficiency of 
bacterial cells. Described here is a strategy (dual 

45 combinatorial libraries) to overcome this problem, 
potentially increasing the number of phage surveyed by a 
factor of 10'. 

For assembly of heavy and light chains expresses 
frcMn different vectors, phagemid (pHENl-lll or IV) was 

50 grown in E.coli HB2151 (a non-supressor strain) lo allow 
production of soluble chains, and rescued as above 
(example 27) except that helper phage were used 
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expressing partaner chains as fusions to g3p (lO^ TU fd- 
^2/^7^^°'' respectively) and 2 pi tetracycline (12.5 
mg/ml) in place of kanamycin. 

Separate Vectors to Encode Fab Heavy and Light 
Chains 

The heavy and light chains of Fab fragments can be 
encoded together in the same vector (example 25) or in 
different vectors. To demonstrate this the heavy chain 
(construct III) was cloned into pHENl (to provide soluble 
^ ^ ^^9*** ^i'^ (construct IV) into fd- 
CAT2 (to make the fusion with gSp). The phagemid pHENl- 
^^n.i^..f'°^^^ HB2151 (non-supressor) was rescued 
ifr^?^'^^ phage, and phage(mid) shown to bind to 
phOx:BSA but not to BSA (Table 5). This demonstrates 
15 that soluble light chain is correctly associating with 
toe heavy chain anchored to the gSp, since neither heavy 
chain nor light chain alone bind antigen (Table 5) 

Similar results were obtained in the reverse 
experiment (with phagemid pHEN-l-iv and fd-CAT2-Ill 
20 phage) in which the heavy chain was produced as a soluble 
molecule and the light chain anchored to gSp (Table 5). 
Hence a Fab fragment is assembled on the surface of phaae 
by fusion of either heavy or light chain to g3p, provided 

2S 3Soi-«J^4 secreted using the same or another 

25 vector (figure 28). 

The resulting phage population is a mixture of phage 
abd rescued phagemid. The ratio of the two types Sf 
particle was assessed by infecting log phase E.coli TGI 
on Pl«*f"9 on TYE plates with either 15 ug/ml 

30 tetraj^cline (to select for f d-CAT2 ) or 100 p|/ml 
ampicillin (to select for pHENl). The tltre of fd-CAT2 
phage was 5 x lO^-L TU/ml and the tltre of pHENl 2 x lO^O 
TU/ml indicating a packaging ratio of 25 phage per 
phagemid. *^ *^ 

35 Demonstrated here is an alternative strategy 

involving display of the heterodimeric antibody Fab 
fragments on the surface of phage. One of the chains is 
fused to g3p and the other is secreted in soluble form 
into the periplasmlc space of the E.coli where it 
associates non-covalently with the g3p fusion, and binds 
specifically to antigen. Either the light or heavy chain 
can be fused to the g3p: they are displayed on the phage 
as Fab fragments and bind antigen (Figure 28). Described 
are both phage and phagemid vectors for surface display. 
Phagemids are probably superior to phage vectors for 
creation of large phage display libraries. Particularly 
in vxew of their higher transf action efficiencies (Two to 
three orders of magnitude higher), allowing larger 
libraries to be constructed. The phagemid vector, plffiNl 
also allows the expression of soluble Fab fragments in 
non-suppressor E.coli. 

Also demonstrated here is that heavy and light 
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chains encoded on the same vector (construct II), or on 
different vectors (constructs III and IV) can be 
displayed as Fab fragments. This offers two distinct 
ways of making random combinatorial libraries for 
5 display- Libraries of heavy and light chain genes, 
ampllfl^ by PGR, could be randomly linked by a *PCR 
assembly ' process (example 14) based on 'splicing by 
overlap . extension ' , cloned Into phage( mid ) display 
vectors and expressed from the same promoter as part of 

10 the samei transcript (construct II) as above, or Indeed 
from different promoters as separate transcripts. Here 
the phage(mld> vector encodes and displays both chains. 
For a cojEnblnatorlal library of 107 heavy chains and 10^ 
light chains, the potential diversity of displayed Fab 

15 fragments (10^*) Is limited by the transfectlon 
efficiency of bacterial cells by the vector (about 10^ 
clones per pg cut and ligated plasmld at best) (W.J. 
Dower etal Nucl. Acids. Res. 16 6127-6145, 1988). 
Libraries thiis prepared are analogous to the random 

20 combinatbrlal library method described by Huse, W.D. et 
al ScleiK:e 246 1275-1281 (1989), but have the important 
additional feature that display on the surface of phage 
gives a powerful method of selecting antibody 
specif iqities from the large number of clones generated. 

25 Alteamatlvely, libraries of heavy and light chains 

coixld be cloned into different vectors for expression in 
the sane cell, with a phage vector encoding the g3p 
fusion and a phagemid encoding the soluble chain. The 
phage acts as a helper, and the infected bacteria 

30 produced both packaged phage and phagemid. Each phage or 
phagemid displays both chains but encodes only one chain 
and thus only the genetic information for half of the 
ant Igenr binding site. However, the genes for both 
antibody chains can be recovered separately by plating on 

35 the selective medium, suggesting a means by which 
mutually complementary pairs of antigen binding heavy and 
light chain combinations could be selected from random 
combihat6rial libraries. For example, a light chain 
repertoire on fd f^iage could be used to infect cells 

40 harbouring a llbraiy of soltible heavy chains on the 
phagemid. The affinity purified phagemid library could 
then be used to Infect E.coli, rescued with the affinity 
purified phaige library, and the new combinatorial library 
subjected to a further round of selection. Thus, 

45 antibody heavy and light chain genes are reshuffled after 
each round of purification. Finally, after several 
rounds, infected bacteria could be plated and screened 
individiiially for antigen-binding phage. Such 'dual' 
combihatorlal libraries are potentially more diverse than 

50 those encoded on a single vector. By combining separate 
libraries of 107 light chain phage ( mid )s, the diversity 
of displayed Fab fragments (potentially 10^^) is limited 
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only by the number of bacteria (10^2 per litre). More 
simply, the use of two vectors should also facilitate the 
construction of 'hierarchical' libraries, in which a 
fixed heavy or light chain is paired with a library or 
5 partners (example 22), offering a means of 'fine-tuning' 
antibody affinity and specificity. 
Example 27 

Inductio n of Soluble scFv and Fab F raomaniTg usina 

Phagemid pHENl ~~ * * 

10 Further study of antibodies which have been 

expressed on the surface of phage would be greatly 
facilitated if it is simple to switch to expression in 
solution. 

E.coli HB2151 was infected with pHEN phagemid 
15 (pHENl-l or II), and plated on YTE, lOOpg/ml ampicillin 
plates. Colonies were shaken at 37'C in 2xTY medium, 100 
pg/ml ampicillin, 1% glucose to OD55Q-O.5 to 1.0. Cells 
were pelleted, washed once in 2xTy medium, resuspended in 
medium with 100 pg/ml ampicillin, 1 mM isopropyl S-D- 
20 thiogalactoside (IPTG), and grown for a further 16 hours. 
Cells were pelleted and the supernatant, containing the 
secreted chains, used directly in ELISA. 

The phagemid pHENl has the advantage over phage fd- 
CAT2, in that antibody can be produced either for phage 
25 display (by growth in supE strains of E.coli) or as a 
tagged soluble fragment (by growth in non-suppressor 
strains), as a peptide tag (example 24) and amber codon 
were introduced between the antibody and g3p. Secretion 
of soluble Fab fragments from pHENl-li or scFv fragments 
30 from pHENl-l was demonstrated after growth in E.coli 
HB2151 and induction with IPTG using Western blots 
(Figure 29). For detection of secreted proteins, lOul 
supernatant of induced cultures were subjected to SDS- 
PAGE and proteins transferred by electroblotting to 
35 Immobilon-P (Millipore). Soluble heavy and light chain 
were detected with goat polyclonal anti-human Fab 
antiserum (Sigma) and peroxidase conjugated rabbit anti- 
goat immunoglobulin (Sigma), each at a dilution of 
1:1000. The tagged VK domain was detected with 9E10 
40 antibody (1:1000) and peroxidase conjugated goat anti- 
mouse immunoglobulin (Fc specific) (1:1000) (Sigma) or 
with a peroxidase labelled anti-human CK antiserum 
(Dako). 3,3'-diaminobenzidine (DAB; Sigma) was used as 
peroxidase substrate (Harlow E., et al. 1988 Supr). With 
45 the scFv, the fragments were detected using the 9E10 
anti-myc tag antibody (data not shown). With the Fab 
only the light chain was detected by 9E10 (or anti-human 
CK) antibody, as expected, while the anti -human Fab 
antiserum detected both heavy and light chains. Binding 
of the soluble scFv and Fab fragments to phOx-BSA (but 
not to BSA) was also demonstrated by ELISA (Table 5B). 
Thus scFv and Fab fragments can be displayed on phage or 
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secreted as soluble fragments from the same phagemld 
vector. > 
Example 28 

Increased Sensitivity in ELISA assay of Lysozyme using 
5 FDTscFvDl,3 as Primary Antibody Compared to Soluble 
scFvDl>3 

In principle the use of phage antibodies should 
allow more s^:isitive immunoassays to be performed than 
with soltible antibodies^ Phage antibodies combine the 

10 ability to bind a specific antigen with the potential for 
amplification through the presence of miiltiple (ca.2800) 
copies o$ the major coat protein (gSp) on each virion • 
This wotild allow the attachment of several antibody 
moleculesr directed against M13 to each virion followed by 

15 the attj^hment of several molecules of peroxidase- 
conjugat^ anti-species antibody (anti-sheep) IgG in the 
case below). Thus for every phage antibody bound to 
antigen there is the potential for attaching several 
peroxidase molecules whereas when a soluble antibody is 

20 used as the primary antibody this amplification will not 
occur. 

ELISA plates were coated overnight at room 
temperature using 200|il of 10 fold dilutions of hen egg 
lysozyme (1000, 100, 10, 1, 0.1 and 0.01 yg/ml) in 50mM 

25 NaHC03, pH9.6. ELISA was performed as described in 
example 4 except that (i) incubation with anti-lysozyme 
antibody was with either FDTscFvDl.3 (pAb;10^^ phage per 
well ; 1 • 6mol ) or soluble affinity purified scFvDl . 3 ( IBpg 
per well; 0.7nmol) ( ii ) incubation with second antibody 

30 was with 1/100 dilution of sheep anti-M13 serum for 
FDTscFvDl.3 samples or with or a/100 dilution of rabbit 
anti-scFvDl;3 serum (from S. Ward) for soluble scFvDl.3 
samples (iii) peroxidase-conjugated rabbit anti-goat 
immunoglobulin (Sigma; 1/5000) was used for FDTscFvDl.3 

35 samples and peroxidase-conjugated goat anti-rabbit 
immunogldbulin (Sigma; 1/5000) was used for soluble 
scFvDl. 3 samples. Absorbance at 405nm was measured after 
15h. The results are shown in Figures 30 and 31. In 
these figures lysozyme concentrations for coating are 

40 shown on a log scale of dilutions relative to Ipg/ml. 
(i.e. log -3 =lmg/ml ; log « 2 = 0.01 pg/ml) 

Higher signals were obtained with FDTscFvDl.3 at all 
concentxations of lysozyme (Fig. 31) but the difference 
was very marked at the greatest dilutions, where antigen 

45 quantities are most limiting (Figs. 30 and 31). This 
suggests that phage antibodies may be particularly 
valuable for sandwich type assays where the capture of 
small amounts of antigen by the primary antibody will 
generate an amplified signal when phage antibodies 

50 directed against a different epitope are used as the 
second ahtigen binding antibody. 
Example 29 
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Rescue and Expres sion of Mo use Monoclonal 
gg^^^ as Sin gle Charn FV .rac^ents on i:h. Snr j^^ 

^x«mT>?'S®ir'^"°T^i'^® "^^^ "^"^ Similar to that described in 
example 14. It consists of the PCR assembly of sinole 
chain antibodies from cDNA prepared from m^use 
monoclonals. As an example, the rescue and expression of 
»^^^K®^f antibodies from monoclonals expressing 
lesCT:^? against the steroid hormone oes?riol li 

A. RNA Preparation 

+o i-h^ ^^"^ procedures well known 

T i^fn ?^ J" example, the use of 

15 Sc2?ent"'^°sui?:''' Ph-°VSDS RNase inactivation gave 
1. The mouse monoclonal cells that were used here had 
been harvested by centrifugation and resuspended in serum 
f^o'^?^™'* V"^^ ^^^'^ centrifuged and resuspended 

5n tL ^^^^i"!, J""^ ^^^^"^ « centrifugation SeT 

fSJSf?'*®^ ^''^^^^^ 1 ^ cells pe^ ml 

(Normally cells would be washed in PBS buffer and finally 
resuspended in PBS buffer, but these particular Slls 
were supplied to us as described frozen in water.?. 
7* . °^ was added 250ul of ice cold 4X 

NaCl/40mM VRC (Veronyl ribosyl complex)/2% Triton X-100). 
The suspension was mixed well and left on ice for 5 
in xnu'tes • 

30 a; laSS'SriSTmS! ""^^^ "'^ ^ microfuge 

^^"^ extracted three times, 

phenol chloroform extracted three times and finally 
ethanol precipitated as described in the materials Jd 
• ^^f precipitate was resuspended in 50ul water. 
35 4. The optical density of the RNA at 260nm with a 2.5ul 
sample in 1ml water was measured. The RNA was checked by 
"^^^f 2£ ^ ^^P^® °" a 1% agarose gel. RNA 
« r^J^f^P °^ ^^"3 *° *2ug was obtained by this method. 
B. CDNA Preparation 

40 The method used is the same as that described in 

f'^^i^^ • ^^'^ preparations were made. These were 

from RNA extracted from the monoclonals known as cell 
lines 013 and 014 which both express antibodies against 
eh steroid hormone, oestriol. 

45 C. Primary PCRs 

I?®^ "f essentially the same as that 

f^K^'i^®'^ example 14. The VH region was amplified 
with the primers VHIBACK and VHlFOR-2. For the Vkappa 
region, four separate reactions were carried out using 
Z^aJ^^^"^^"" VK2BACK and wither MJKIFONX, MJK2F0NX 
MJK4F0NX or MJK5F0NX. Samples (5ul) were c^hecked on a 
1.5% agarose gel. From this it was observed that for 
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cDNA prepared from the two oestrlol monoclonals the 
primers VK2BACK and gave the best amplification 

of the Vkeippa region. The VH bands and the Vkappa bands 
amplified with VKZBAOC/MJKIFONX were purified on 2% low 
5 melting point agarose gels for each monoclonals. The DNA 
bands were excised from the gel and purified using a 
dedicated Geneclean kit as described in example 14, 
D. Preparation of linker 

The method used is essentially the same as that 

10 described in example 14. In this case, the amplified 
linker DMA was purified on a 2% agarose gel and recovered 
from the gel with a dedicated "Mermaid" kit (BIO 101, 
Geneclean, La Jolla, San Diego, California, USA) using 
the manufacturers instructions . 

15 E. Assembly PCRs 

The method used is essentially the same as that 
described in example 14. In this case, the assembled PCR 
product was purified on a 2% agarose gel and recovered 
from the; gel with a dedicated "Mermaid" kit. 

20 F. Adding restriction sites and work-up 

The assembled product was "tagged" with Apa LI and 
Not I restriction sites. The DNA was then digested with 
Apa LI and Not I to give the appropriate sticky ends 'for 
cloning and then pxirif led on a 2% low melting point 

25 agarose gel and extracted using a Geneclean kit. The 
method used is the same as that described in example 14. 

G. Cloning into Vector fd-CAT2 

A total of 15ug of CsCl purified f d-CAT2 DNA was 
digested with 100 units of the restriction enzyme Not I 

30 (New England Biblabs) in a total volume of 200ul IX NEB 
Not I buffer with IX NEB acetylated BSA for a total of 3 
hours at 37*C. The vector DNA was the treated twice with 
15ul Strataclean (a commercially available resin for the 
removal of protein), following the manufacturers 

35 instructions . ( Stratagene, 11099 North Torrey Pines Road, 
La Jolla, California, USA). The DNA was then ethanol 
precipitated and redissolved in TE buffer (Sambrook et 
al.,. 1989 supra). The DNA was then digested with 100 
units of the restriction enzyme Apa LI (New England 

40 Biolabs) in a total volume of 200ul IX NEB Buffer 4 
overnightr at 37** C. The vector was then purified with a 
Chroma $pin 1000 column following the manufacturers 
instrudtions (Clontech Laboratories Inc, 4030 Fabian way, 
Palo Alto, California, USA). This step removes the Apa 

45 LI/Not I fragment to give cut vector DNA for maximum 
ligation efficiency. 

Ligation reactions were carried out with 2.5-lOng of 
the DNA .insert and lOng of vector in a total volume of 
lOul of IX NEB ligase buffer with lul of NEB ligase (New 

50 England Biolabs) at 16 overnight (approx 16 hours). 

H. Traiisformation and growth 

E.coli strain TGI was made competent and transformed 
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with tiie f dCAT2 recombinant DNA as described by Sambrook 

plates (lOg tryptone, 5g yeast extract, lOg NaCl 15g 
?,t2°HT'' litre with 15ug/ul of tetracycline added 

just before pouring the plates) and grown overnight. 

ini-o i^^if "^KJl^J-^^^ colonies were then inoculated 
into 10 ml of LBtet broth (LB medium with 15ug/ul of 

S-C/SS™%^^ S "i overnight giSvS. II 

35 C/350rpm in a bench top centrifuge. The supematants 

SS^aSS!??^S^P?° i5 ^t^ifuie tubes arST^ 2SI 
PEG 8000/2. 5M NaCl added to each. After incubatino at 
room temperature for 20-30 minutes, the reconSSSSt pLSe 

I5SLrSS f°'' ^° minutes. The PEG supernatant was 
discarded. Any remaining PEG was removed with a nasteur 
pepette after a brief (2 minutes) ce^ifj^tion 2S 
This last step was repeated to make sure tSt no pSr 

pITbuf fer "^.f!!^^^ ^^^^^ ^ reslT^nSf in"°50oS? 
PBS buffer. -This was transferred to a microcentrifuae 
tube and spun at 13000 rpm to remove any remSSS^llI 
The Phage supernatant was transferred tl a fresh^uS 
I- Assay for antibody expression 

Bacteriophage f d recombinants were screened for the 
25 ^S^^^""" 5^ antibody against oestriol by S?SA. Th?l 
described in example 6. m "this case tS 
following alterations are relevant. 

overnight with 40ug/ml 
p^flJ^^i^ o ^a^i^o^ynethyloxime-BSA (Steraloids, 31 
Radcliffe Road, Croydon, CRO 5QJ, England). 

^^^w f antibody was the putative phage anti oestriol 
antibody. SOul of phage in a final voline of ^OurS 
sterxle PBS combining 0.25% gelatin was add^ to taS 

35 4* l"^ ^J'^'^ at 1:1000 dilution. 

35 4. 3rd antibody was peroxidase conjugated rabbit antl 
goat immunoglobulin. j a raooix anrx 

J^^ombinants expressing functional antibody were 
detected by incubation with the chromogenic sSLt?aS 
An L axinobis (3-ethyl benzthiazoline sulphonio aSd) 
40 The results are shown in figures 32 and 33 P""'^^ acxa). 
Example 30 

Kinetic Properties of Alkaline Phosphatase Dlsn l^vort on 
the Surface of Bacteriophage fd »»pxayea on 

« "^^^ example demonstrates that kinetic properties of 
JSoS'T^^^^P^^^^^ °" qualitatively liSJa? ?o 

S;So«K i? ^°l"tion. Bacteriophage fd displaying alkaline 
fusions of gene 3 with ei?he? the nati?2 

at position 166 (see example 11) were nreoared hv wr 
50 precipitation as described In the materiaTri^tet^s 

The kinetic parameters of alkaline phosphatase 
expressed on the surface of fd phage were investiJatSd !n 
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IM Trls/HCl, pHS.O at 20 "C with 1ml 4-nitrophenyl 
phosphate as siibstrate. The reactions were initiated by 
the addition of lOOpl of a phage-alkaline phosphatase 
fusion preparation, 50 fold concentrated with respect to 
5 the original culture supernatant. The rate of change of 
absorbance was monitored at 410nm using a Philips 8730 
spectrophotometer and the initial reaction rate 
calculated using a molar absorbance of 16200 1/mol/cm. 
For the fdphoAla 166 enzyme but not fdphoArgl66 a lag 
10 phage was seen following this addition, the reaction rate 
accelerating until a steady state was obtained after 
approximately 60 to 90 sees. This steady state rate was 
used fox determination of kinetic parameters. No 
deviation form Michaelis Menten kinetics was apparent for 
15 either pftage enzyme • Values of Kj^ and k^Q^t w®^® derived 
from plots of s/v against s and are shown in Table 6. 

Because of the difficulty in establishing the 
relationiship between the number of phage particles an the 
number of active enzyme dimers formed on the phage k^at 
20 values are expressed not as absolute values, but as 
relative values between the two enzyme forms. Western 
blots ( carried out as in example 31 using antigSp 
antlseru^) of the phage enzyme preparations used in this 
experiment showed approximately equal intensities for the 
25 full length fusion band with the Argl66 and Alal66 
enzymes when detected using antibody directed against 
gene3. ' In these preparations the intact fusion 
represents approximately 30% of the detected material. 
The two preparations were therefore assumed to be 
30 expressing approximately the same concentrations of 
intact ffisions. 

Table 6 summarises the kinetic data from this 
experiment and compares it with data from Chaidaroglou, 
A. et (Biochemistry 27, 8338-8343 (1988)) obtained 
35 with soluble preparations of the wild type and mutant 
enzyme forms. The same substrate and assay conditions 
were used in both experiments. Soluble alkaline 
phosphatase was also tested in parallel in our 
experiments^ (Kju=8. 5pM; kcat==3480 mol substrate converted 
40 mol enzyrae^^ min"-'- ) . 

The effect of mutating arginine at position 166 to 
alanine is qualitatively similar for the phage enzyme as 
for the soluble enzyme. is increased about 15 fold 

and the relative k^at^ is decreased to 36% of that for 
45 wild type. This increased would reflect a reduction 
in substrate affinity in the phage enzyme on mutation of 
Argl66, ; as was proposed for the soluble enzyme 
( Chaidardglou et al , 1988 supra), assuming the same 
kinetic mechanism applies. There are, however, some 
50 quantitiative differences in the b^aviour of K^. of the 
phage enz]?me. The of 73pM observed for fdphoArgl66 
compares With a Kjj| of 12.7pM for the free enzyme; the K^j 
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for fdphoAlal66 Is 1070pM whereas the free mutant enzyme 
has a Kn, of 1620pM. One can speculate that the higher K- 
for fdphoArg 166 and the lower for fdphoAlal66T 

compared to the soluble enzymes result from the 
5 'anchored' alkaline phosphatase fusion molecules 
interacting to form dimers in a different manner to the 
enzyme in free solution. 

relative values of k^at for the Argl66 and 
Alal66 forms are however very similar for both the phage 
10 enzymes and the soluble enzymes, a reduction occurring on 
mutation to 35 to 40% of the value for the native enzyme. 
The rate limiting step, determining kaat^ for soluble 
phoArgl66 is thought to be dissociation of non-covalently 
bound phosphate from the enzyme (Hull W.E. et al. 
15 Biochemistry 15, 1547-1561 1976). Chaidaroglou et al 
(1988) supra suggest that, for the soluble enzyme, 
mutation of Argl66 to alanine alters additional steps, 
one of which may be hydrolysis of the phosphoenzyme 
intermediate. The similarity in the reduction in k^-i- on 
20 mutation of Argl66 to alanine for the phage enzymes 
suggests that the same steps may be altered in a 
quantitatively similar manner in the mutant phage enzyme 
as in the mutant soluble enzyme. 

Thus, enzymes displayed on phage show qualitatively 
25 similar characteristics to soluble enzymes. 
Example 31 

Demonstratio n using Ultrafiltration that Cloned Alkaline 
Phosphatase Behaves as Part of the Virus Particle 

The construct fdphoAlal66 (derived in example 11) 
30 was converted back to the wild type residue (arginine) at 
position 166 by in vitro mutagenesis (Amersham 
International) using the printer 
APARG166:5' TAGCATTTGCGCGAGGTCACA 3'. 

This construct with the wild type insert was called 

35 fdphoArgl66. 

E^coll TGI or KS272 cells (cells with a deletion in the 
endogenous phoA gene, Strauch and Beckwith, 1988 Supra) 
containing either fd-phoAlal66, fdphoArgl66 or fd-CAT2 
were grown for 16 hours at 37 in 2xTY with 15pg/ml 

40 tetracycline. Concentrated phage were prepared as 
follows. Phage-enzyme cultures are clarified by 
centrifugation (15 min at 10,000 rpm, 8 x 50 ml rotor, 
sorval RC-5B centrifuge). Phage are precipitated by 
adding 1/5 volume 20% polyethylene glycol, 2.5 M Nacl 

45 leaving for 1 hr at 4*C, and centrifuging (as above)! 
Phage pellets are resuspended in 10 mM Tris-HCl, pH 8.0 
to 1/lOOth of the original volume, and residual bacteria 
and aggregated phage removed by centrifugation for 10 to 
15 minutes in a bench microcentrifuge at 13000 mm at 

50 4"C. 

SDS/Polyacrylamide gel electrophoresis and western 
blotting were basically as described previously (example 
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2). Denatured samples consisting of 16pl of a 50 fold 
concentrate of phage were separated using a 10% 
SDS/polyacrylamide gel and detected with polyclonal 
antisetrum raised against either E.coli alkaline 
5 phosphatase (Northumbria Biologicals, South Nelson 
Industrial Estate, Cramlington, Northumberland, NE23 9HL) 
or against the minor coat protein encoded by gene 3 ( from 
Prof. I.;Rasched, Unlversitat Konstanz, see Stengele et 
al; 1990) at 1 in 1000 dilution. This was followed by 
10 incubation with peroxidase-conjugated goat-anti-rabbit 
immunoglobulin (Sigma 1 in 5000) and detection with the 
ECL West^zH blotting system (Amersham International). 

Th^ presence of fusion proteins was confirmed by 
western blotting of proteins from phage particles derived 
15 from fd-phoAlal66 (phage-enzyme) or fd-CAT2 (vector 
phage). Detection with antiserum raised against the gene 
3 protein reveals a product of apparent relative 
molecular mass (Mr) of 63,000 in vector phage (figure 
34e). M is different from the predicted 

20 molecular weight based on the amino acid sequence 
(42,000), the natural product of gene 3 has previously 
been reported to exhibit reduced mobility during 
electroE)horesis (Stengele et al, 1990). 

In the fd-phoAlal66 sample the largest band has an 
25 apparent. Mr of 115,000, (fig. 34). Taking into account 
the aberrant mobility of the gene 3 portion of the 
fusion, this is approximately the size expected from 
fusing with an alkaline phosphatase domain of 47 kD. 
This analysis also reveals that a proportion of the (5ene3 
30 reactive material in this phagia-enzyme preparation is 
present at the size of the ' native gene3 product, 
suggesting that degradation is occurring. In the 
preparation shown in figure 34, approximately 5-10% of 
the gene 3 fusions are intact. In more recent 
35 preparations and in all the preparations used in this 
example and example 32, approximately 30-60% of fusions 
are full -tlehgth. 

The protein of Mr 115,000 is the major protein 
observed ±n Western blots of phage-enzyme derived from 
40 TGI cells When probed with antiserum raised against 
^-oo^± ^kaline phosphatase (anti-BAP), confirming the 
assignment of this band to intact fusion. Further, when 
phage en^jnne is prepared using KS272 cells, which have a 
deletion: in the endogenous phoA gene (Strauch & Beckwith, 
45 1988, supra. ) it is also the major band. There are 
additional bands at Mr 95000 and 60000 reactive with 
anti-BAP antiserum which may indicate degradation of the 
fusion product. 

The anti-BAP antiserum also reacts wit material 
50 running with the dye front and with a molecule of Mr 
45,000 but evidence suggests that this material is not 
alkaline phosphatase. This pattern is detected in PEG 
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precipitated vector phage samples (figure 34c) and is not 
therefore contributed by protein expressed from the 
cloned phoA gene. These bands are detected in culture 
supematants of cells carrying fd-CAT2 but is not 
b detected in the supernatant of uninfected cells (not 
shown) and so either represents cross -reactivity with 
phage encoded material or with a PEG precipitable 
cellular component leaked from infected cells (Boeke et 
al, Mbl. Gen. Genet. 186, 185-192 1982). Although the 
10 fragment of Mr, 45,000 is close to tie size of fre! 
alkaline phosphatase (47,000), it is present in phage 
preparations from KS272 cells which have a deletion in 
the phoA locus. Furthermore its mobility is different 
Jf°f. PUfified alkaline phosphatase and they can be 
15 distinguished by electrophoresis (figure 34d). 

Ultrafiltration was used to confirm that the fusion 
protein behaved as though it were part of a larger 
structure, as would be expected for an enzyme bound to a 
phage particle. Phage samples (lOOpl of a 50 fold 
20 concentrate) were passed through ultrafiltration filters 
y,«iL^^"°°^*-*- "olecular weight limit of 300000 daltons 
(Ultrafree-MC filters, Millipore) by oentrifugation for 5 
to 15 minutes at 13,000 r. p.m. in an MSE microcentaur 
microfuge. Retained material was recovered by 
25 resuspending in 100|il of lOmM Tris, pH 8.0. 

ms»oH^!i^?K"®"^^ ^""^ alkaline phosphatase (83ng) 

mixed with vector phage were passed through filters with 
fr.-,^ I^^ molecular weight limit of 300,000 daltons 

30 IS^r^H^^'^K 1^^!.^''^' Millipore). Figure 35 A agS^ 

30 shows that the band of Mr, 115,000 is the major product 
reactive with anti-BAP antiserum. This and the other 
minor products reactive with anti-BAP are present in 
material retained by the ultrafiltration membrane. 
Analysis of retained and flow through fractions of phage 

35 preparations derived from KS272 demonstrates that 

^ ^^"^3 separated by the 
S M ^?L^ni«" membranes. Figure 35b shows the protein 
115,000 is retained by the filter whereas the 
putative degradation products of Mr 95,000 and 60,000 

40 found in phage preparations derived from KS272 cells are 
not retained. ' 

In mixtoe of alkaline phosphatase and vector phage 
5^?:^' 5""^® alkaline phosphatase (dimer size of 
94,000 daltons) is detected in the flow through as a 
45 monomer band with Mr 47,000 on denaturing polyacrulamide 
gels (figure 35B), while the cross reactive molecule 
found in vector phage preparations (Mr 45,000) is in 
retained on the filter (figure 35B). This suggests that 
sn 1^ "°!f ^ff molecule is pprt of the phage particle 
50 and underlines the fact that the ultrafiltration 
membranes are effecting a separation. Thus the expected 
fusion band an this phage-enzyme is present in material 
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retained; on ultraf iitxation membranes demonstrating that 
it is pari: of a larger structure as would be expected for 
viral boimd enzyme. 

Cataiytic activity has been demonstrated on phage 
5 particles expressing alkaline phosphatase. Table 7 shows 
that the wild type alkaline phosphatase gene expressed on 
phage {fd-phoArgi66) has a specific activity (moles of 
substrate converted per mole of viral particles) of 
3,7b0/mij>. This is close to the turnover value of 
10 454b/min found for purified alkaline phosphatase by 
Malamy and Hbrecker, Biochemistry 3^ 1893-1897 1964). 

Chaidarpglou et al; 1988 supra have shown that 
substituting alanine for arginine at the active site 
(residue 166) leads to a reduction in the rate of 
15 catalysis. Preparations of phage displaying alkaline 
phosphata^ with this mutation derived from TGI and KS272 
show reduced specific activities of 380 and 1400 mol 
substrate converted /mol phage/min respectively. Enzyme 
activity was measured in the retained and flow- through 
20 fractions prepared by ultrafiltration, shown in figure 
35. The bulk of activity from phage-enzyme was retained 
on the filters whereas the majority of activity from free 
enzyme pdstses through. Therefore, the enzyme activity in 
these fusions behaved as would be expected for virally 
25 assQCiat€^d exizyme (not shown). Little or no cataljftic 
activity is measured in preparations of vector phage from 
either TOl or KS272 cells (Table 7), indication that the 
catalyticV activities above are due to phage enzyme and 
not contsftnination with bacterial phosphatase. Addition 
30 of phage particles to soluble enzyme does not have a 
signlf icaht effect on activity ( Table 7 ) . 

Thei^efore, both the catalytic and immunochemical 
activity of alkaline phosphatase have been demonstrated 
to be due to enzyme which is part of the phage particle. 
35 Example 32 

Affinity chromatography of phage alkaline phosphatase 

Af f Ijiity chromatography, using the specific binding 
properti^ of enzymes has proved to be a very powerful 
method fcr their purification. The purification of 
40 phage-en^^es by this approach would enable the genetic 
material encoding the enzyme to be isolated with the 
enzyme itself* Thus, mutagenesis of cloned enzymes 
expressed on the surface of filamentous bacteriophage 
will lead to a whole population of enzyme variants, from 
45 which vairiants with desired binding properties could be 
isolated^ 

Soli:U3le alkaline phosphatase (from calf intestine) 
has been purified by binding to immobilised arsenate ( a 
competitive inhibitor), and eluting with inorganic 
50 phosphate, which is a product (and competitive inhibitor) 
of the enzyme reaction (Brenna,0. et al, Biochem. J. 151 
291-296 1975). The applicants have determined that 
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soluble alkaline phosphatase from E.coll is also retained 
by this matrix (not shown). in this example it is 
demonstrated that phage displaying E.coli alkaline 
phosphatase binds to arsenate-Sepharose and can be 
specifically eluted. 

Arsenate-Sepharose was prepared by coupling 4-(d- 
aminophenylazo) phenyl arsonic acid to tyraminyl- 
Sepharose according to the method of Breena et al (1975* 
f^^uV ' i^c A^inity chromatography of phage ' enzym4 
fdphoArgl66 (example 31) was carried out in a disposable 
chromatography column with a 0.5 ml column volume 
Columns were prewashed with 100 volumes of column buffer 
(lOOmM Tris pH 8.4, ImM MgCla, 0.1 mM ZnCl,, 0.1% Tween 
20, Brenna et al, 1975, supra.) 1ml of a 40 fold 
concentrate of phage-enzyme (in column buffer; prepared 
as in example 31) was loaded and washed through with 100 
volumes of ojlumn buffer. Bound phage-enzyme was eluted 
With 5mls of column buffer containing 20mM NaMPOA The 
on Ki"55f ^'^^ fractions were guantitated by dot 

20 blotting onto nitrocellulose and comparing with known 
amounts of phage-enzyme. The blots were detected usina 
sheep anti-M13 antiserum (gift from M. Hobart), anti- 
S^Lo^^^^^^t ff^9"a> and enhanced chemiluminescent 
^ ^^^sham). A range of exposures were taken. 
gables shows the results of affinity chromatography 
of phage displaying alkaline phosphatase on arsenate- 
Sepharose. In separate experiments phage particles 
expressing either mutant (fdphoAla 166; example 11) and 
or wild type (fdphoArg 166) forms are retained on 
ff^^J®"!®?*^^!® ^ ^^^^^ with inorganic phosphate. 

2'^ °^ ^^^^ P**^9« enzyme par?icles 

loaded ('input phage') were specifically eluted with 
phosphate ('output phage') compared to only 0.05% of 

«T?n^M^%*K^^®"*^^ ^ competitive inhibitor 
With Ki of 20pM with respect to 4- nitrophenyl phosphate. 
Phage particles antibodies have previously been isolated 
on the basis of interactions with similar affinities 
(example 23). This association is in within the range of 
a large number of enzyme-ligand interactions suggesting 
wide applicability for this approach. ^ 
Table 8 also shows that the infectivity of phage 
particles expressing enzyme is reduced with compared with 
vector phage particles. This makes titration of 
4«> particles an inappropriate means of 

45 quantitating the number of phage enzyme particles. For 
this reason the number of phage were measured by dot 
blotting and phage were detected with anti-M13 antiserum 

K« overall recovery of catalytic activity may 

50 be an important consideration in enzyme purification 
this is not critical with phage-enzymes. Even if on?; 
low levels of phage-enzyme bind to and are specifically 
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eluted from affinity coliimns, this will generate clones 
which can subsequently be grown up in bulk as phage- 
en^rymes or can be transferred to expression vectors 
yielding soluble products . 
5 Example 33 

PGR Assembly of DNA encoding Fab Fragments of an Antibody 
directed against Oxazolone 

Exan^le 25 showed that genes encoding Fab fragments 
could be subclbned into vectors fdCAT2 and pHENl and the 

10 protein domains displayed on the surface of phage with 
retention of binding function. This example shows that 
the VHCH and VKCK domains can be amplified separately and 
then joined by a linker allowing the expression of the 
light chain as a genelll protein fusion and the VHCH 

15 fragment as a soluble molecule. A functional Fab 
fragment ^ is then displayed on phage by association of 
these domains. The assembly process, described in this 
example, is arequired for display of a library of Fab 
fragments derived from the immune repertoire if both 

20 heavy and ligfrb chain domains' are to be encoded within a 
single vector. 

The VHCHl and VKCK domains of a construct (example 
25; construct II iii pUC19) derived from antibody NQIO 
12.5 directed against 2-phenyl-5-oxazolone were amplified 

25 using PCtt. For cloning into the vector fdCAT2 the 
oligonucleotides VHIBACKAPA (example 25) and HuIg61-4 
CHIFOR (example 40 ) were used to amplify the VHCHl 
domains. For cloning into pHENl VH1BACRSFH5 (example 25) 
replaced VHIBACKAPA for this amplification. For cloning 

30 into both vectors the VKCK domains were amplified using 
VK2BACK (example 25) and CKNOTFOR (example 40). A linker 
oligonucleotide fragment containing the bacteriophage fd 
gene 8 texid.nator and the fd gene 3 promoter was prepared 
by amplifying the region containing them from the vector 

35 fdCAT2 b^ PCR using the oligonucleotides. 
VK-TERM-FOR 

5' TGG AGA CTG GGT GAG CTC AAT GTC GGA GTG AGA ATA GAA 

AGG 3' (overlapping with VK2BACK [example 14] ) 

and 

40 CHI-TERM-BACK 

5'AAG CCC AGC AAC ACC AAG GTG GAC AAG AAA GTT GAG CCC AAA 
TCT AGC TGA TAA ACC GAT ACA ATT AAA GGC 3' (overlapping 
with HuIgGl-4 CHl-FOR) 

Assembly of the Fab fragment from the amplified VHCHl and 
45 VKCK doro^ns and the linker prepared as above was as 
described in example 14B except that the primers 
VHIBACKAPA ( when cloning into f dCAT2 ) or VH1BACKSFH5 
(when cloning into pHENl) and CKNOTFOR were used for the 
final reamplif ication, thereby introducing restriction 
50 sites for cloning into fdCAT2 (Apall-NotI) or pHENl 
(Sfil-NotI) the assembled Fab fragment is shown in figure 
34. No assembled product was seen in the absence of 
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linker. An assembled scFv prepared according to example 
14 is shown for comparison. omtij.** 

Phage antibodies were prepared as in example 25 and 
ELISA was performed with oxazolone as antigen accordino 
5 to example 6. Results were as expected for Fab fragments 
cloned in both fdCAT2 and pHENl samples, phage particles 
bound to oxazolone as detected by a positive ELISA 
signal. 
Example 34 

^° Construct ion of a Gene III Deficient Help er Pharro 

TO fully realise the potential of the phagemid 
cloning system, a helper phage lacking gene III is 
desirable. Rescue of gene III fusions with such a helner 

IS ^rr^^'^i^ f®^"^* ^ progeny phagemids having a 

15 gene III fusion on their capsid, since there would be no 
competition with the wild type molecule. 

Control over the number of fusion molecules 
contained on each phage will provide particularly useful 
on Po'^^ example, a gene III deficient helper phage can hk 
20 used to rescue low affinity antibodies from a naive 
repertoire in which high avidity will be necessary to 
isolate those phage bearing the correct antibody 
specificity. The unmutated helper phage can then be used 
9s higher affinity versions are constructed, thereby 

l^tf^r. component, and permitting selectioS 

purely on the basis of affinity. This will prove a 

a^fin'.^t'"™!!^ tf°°®*f^"^ strategy for isolation and 
affinity maturation of antibodies from naive libraries. 
The strategy chosen to construct the helper ohaae 
30 was to partially delete gene III of M13Ko7 ffig 
exonuclease Bal 31. However, ^ phage lacking gene III 
protein are non-infective so an E.coli strain expressing 
?S^JoH4t^ cor^tructed. Wild type M13 gene III was 
PCR-amplif led with primers glllFUFO and glliFUBA, exactly 
^J^^J""^^^^ m example 24. The PCR product was digested 
with RI and Hind III and inserted into Eco Rl a^ 

Hind Ill-cut PUC19 (not a phagemid as it lacks the 
filamentous phage origin of SS DNA replication) under 
control of the lac promoter. The plasmid was transformed 
Tii/r>vci9ari "^^^'s. ^'^^ resulting strain caSSd 

v!"^^ ^® ® single unique Bam HI site in M13K07 
which is approximatlely in the centre of glli. Double^ 
45 stranded M13K07 DNA was prepared by alkaline lysis and 
caesium chloride centrifugation (Sambrook et al et 
supra. 1989); twenty pg of DNA was cut with Bam' HI 
phenol extracted and ethanol precipitated theA 
;^esuspended in 50pl of Bal 31 buffer (600mM NaCl 20mM 

and digested for 4 minutes with 1 unit of Bal 31 (New 
England BioLabs). This treatment removed approximatlly 
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1Kb of pNA. EGTA was added to ZOmM and the reaction 
phenol Extracted and ethanol precipitated prior to 
purification of the truncated genome on an agarose gel. 
The DUA was repaired with klenow enzyme and self -llgated 
5 wllii T4 pNA llgase (New England BioLabs). 

Aliguots of the ligation reaction were transformed 
into con4)iBtent TGl/pUCi9gIII and plated on SOB medium 
containing amplcillin at lOOpg/ml and kanamycin at 
50pg/ml. Colonies were screened for the presence of a 

10 deletion by PGR with primers glllFUBA and KSJ12 
( CGGAATAqCCAAAAGAACTGG ) . 

KSJ 12 anneals to gene VI which is immediately 
downstream of glll in the phage genome, so distinguishing 
glll on the helper phage from that resident on the 

15 plasmid. Three clones gave tructated PGR products 
correspcHoding to deletions of ca. 200, 400 and SOObp. 
These clphes were called M13K07 glll A Nos 1,2 and 3 
respectively* No clones were isolated from the earlier 
Bal 31 time points, suggesting that these are in some way 

20 lethal to the host cell* Several clones were isolated 
from lal^r tiine points, but none of these gave a PGR 
product, indicating that the deletion reaction had gene 
tod far* 

M13k07 .gili A No.s 1,2 and 3 were cultured and the 

25 resulting helper phage tested for their ability to rescue 
an antibody glll fusion (scFv D1.3) by ELISA, exactly as 
describe^ in example 18 « As shown in figure 37, only one 
clone, Mi3K07 ,gIIlii No3 was found to rescue the antibody 
well; in fact the signal using this helper was greater 

30 than that observed with the parent M13 K07* M13K07 glll^ 
No3 rescuied phagemids should have a much higher density 
of antibody fusions on their surfaces. That this was 
indeed tbua case was demonstrated when the phage used in 
this ELiSA were analysed by Western blotting with anti 

35 glll protein ahtisenim (fig. 38). This analysis enables 
estimation of tiie amoiint of gill fusion protein versus 
free gl IX protein present on the phage (mid) particles. 

Only a minute fraction of the glll protein on the 
M13K07-2rescued material is present as an intact fusion 

40 (fig 38). T^t^ fusion protein band is induced by IPTG, so 
is indi^utably that synthesised by the phagemid. As 
expectedy even when the lac promoter driving glll fusion 
protein .- synthesis is fully induced (lOOyM IPTG), wild 
type glll protein, at a lower copy number and driven from 

45 a far weaker promoter, predominates. This is in contrast 
to the pattern generated by the same clone rescued with 
M13K07 _gIII^o3, and the pattern generated by fd CAT2- 
scFv Dl*3. In both pf these latter cases ^ there is no 
competitfion with wild-type glll and the fusion protein 

50 band is correspondingly stronger* 

It is worthy of note that construction of M13K07 
glll A No3 was immensely inefficient: one clone from 20pg 
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of starting DNA. Moreover, the yield of glii helper 
phage from overnight cultures is extremely low ca.lo6 
cfu/ml compared with ca. 10" cfu/ml for the parental 
phage. Despite this, M13K07 glli no3 rescue the 
5 phagemid as well as the parental phage, aT ji^g^ Si 
number of phagemid particles produced after oveSiS? 
growth This indicates that trans replTcaS^Sd 
packaging functions of the helper are intact and suggest 
in SSJ J*® 5fPli«»*ion is defective. Hence it miy be 

10 that inactivation of glii is normally toxic to the host 
^ '"^^"^ gIIlANo3 was iiolated becausi ^f l 

?enliJi^?^^"^ oK^^'^^fP affecting, for example? 
Jofii*. : fd-tet is unusual in that it 

15 SS?^ mutations in structural genes that are normally 

dS^t Ih^r^i*""^* i^^' " ^ replication 

defect that slows down accumulation of toxic nhaae 

cnli^^^l^/i^^ ^ deposited at the National 

20 SSi tVf.'^ Cultures, 61 Colindale Avenue, London, 

20 NW9 6HT, UK (Accession No. NCTC 12478). On 28 jine 1991 

J~«?S''°''Tt.''°^ regulations of the Budapest 

Treaty. it contains a deletion of the M13 aenome fr«n 
bases 1979 to 2768 inclusive (see Van V^^^^o.St^ 

25 M13 g^^e" °^ -<^— of 

Example 35 

bacteriophage expressing scFv framnents 
g^:r ^ea against lysozvme from mixtuks ^ngordSi to 
affinirvr using a paiming proc^dure ^ " — ^ 

^ffiJi°Z ^®fi-=*/°" an antibody with a desired high 
attinity, it is necessary to be able to select an 

SSSfL^T.?'^^ ^ ^^^'^ ^^^^ alfiSty ^^"^ the 

f^J^^ °1 population. This will be particularly 
35 ^^^ f^ -^'^Zr.^^"^ ^^^^ insufficient affinity 

example, from a repertoire derivS 
from an immunised animal, and random mutagenesis is used 
a?flnf^ potentially increased 

ffj^-^* example, mixtures of phage expressing 

40 S;^^^^ °^ cilfferent affinities directed a^^t S 
40 egg lysozyme were subjected to a panning proc^ure! !? 
is demonstrated that phage antibodies gi4 the Xllty to 
fir^f ?3nr ^""^"^ ^^"^ a of 2^, againsfSe^iS 

45 in th^'?is°t''S^'"°'=""" """^ 
OLIGONUCLEOTIDES 

^BHD13APA : 5'- CAC AGT OCA CAG GTC CAA CTG CAG GAG AGC 

VHFHD13 : 5'- CGG TGA CGA G6C TGC CTT GAC CCC 

50 HD13BHN : 5'- GGG GTC AGG GCA GCC TCG TCA ^6 

HD13FLIN3 : 5'- TGG GCT CTG G6T CAT CTG GAT GTC CGA T 

VKBHD13 : 5'- GAC ATC CAG ATG ACC CAG AGC cS 
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VKFHD13NC^ : 5 * 
CAC CTT GGT CCC 
MURD13SEQ : 5' 
HUMD13SEQ : 5' 
5 FDPCRFOR : 5' 
FDPGRBAK. : 5' 

Phage displaying scFv fragments directed against lysozyme 
were derived from cloned Fab fragments in plasmids* 

10 Heavy and light chain variable regions were 

amplified by the polymerase chain reaction (PGR) from 
plasmids containing humanized VH-CHl or VK-CK inserts 
suitable for production of Fab fragments (gift of J. 
Foote)* The dissociation constant, Kd for different 

15 combinatdLons of the two plasmids combined as Fabs, are 
shqtm below: 

Heavy Chain Plasmid Light Chain Plasmid Kd 

HuH-1 HuK-3 52 nM 

HUHrl HuK-4 180 nM 

20 HuH-2 HuK-3 13 nM 

HuIt-2 HuK-4 (not determined) 

Primary PCR 

The primary PCR of the variable regions was 
performed by combining the following: 
25 36.5 ]il Water 

5 pi PCR buffer (lOx) 
2 111 dNTP (5mM ) 

2.5 jil Back bligo (10 pmoles/pl) (VHBHD13APA or VKBHD13> 
2.5 ul /Forward oligo (10 pmoles/pl) (VHFHD13 or 

30 VKFHD13NQT) 

The reaction is decontaminated by UV irradiation to 
destroy iorjBign DNA for 5 mdLnutes, and 1 |il of plasmid 
DNA added (0.1 |xg/pl). The per mixture was covered with 
2 drops pf paraffin oil, and placed on the per block at 

35 94 "C for 5 minutes before the addition of 0.5 jil of Tag 
DNA pol^erase under the paraffin. The cycling 
conditions used were 94*C 1 mln, 40*C 1 min, 72*C 1.5 min 
17 cycles. 

The linker (Gly4-Ser)3, was amplified from the anti- 
40 phOx (2-*phehylpxazol-5-one) clone fd-CAT2-scFv NQll^ 
using the oligos Hbl3BLIN and HD13FLIN3, with O.lpg of 
plasmid DNA. The PCR cycling used was 94 'C 1 min^ 25 *C 
1*5 miii^ for 17 cycles. 

Amplified DNA was purified by rxmning the samples on 
45 a 2% low melting point agarose gel at 90 mA, excising the 
appropriate bands and extracting the DNA using the 
Genecleanll Kit (BIO 101 Inc.) for the VH and VK, or by 
using Spin-X filter units (Costar) for the linker- A 
final volume of 10 ^1 was used to resuspend the extracted 
50 DNA. v 

PCR Assecibly 

Assembly of the four single chain Fv Humanized D1.3 



- GAG TCA TTC T6C GGC CGC ACG TTT GAT TTC 

- GAG GAG ATT TTC CCT GT 

- TTG C5AG CCT TAC CTG GC 

- TAG CCC CCT TAT TAG C6T TTG CCA 

- GCG ATG GGT GTT GTC ATT GTC GGC 
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(scFv HuDl.3) constructs was by the process of 'assembly 
by overlap extension' example 14. 
The following were combined: 
34.5 pi Water 
5 5 jil PGR Buffer (lOx) 
2 111 dNTP (5 mM) 

2.5 pi Back oligo (10 pmoles/pl) (VHBHD13APA) 
2.5 pi Forward oligo (10 pmoles/pl) (VKFHD13N0T) 

Once again, the reaction is decontaminate by UV 

10 treatment for 5 minutes before the addition of 1 pi of 
the primary PGR products; VH-1 or VH-2, VK-3 or VK-4 
plus the linker DNA. The reaction was covered with 2 
drops of paraffin, and heated at 94 "C for 5 minutes 
before the addition of 0.5 pi of Tag Polymerase. The PC31 

15 cycling conditions used were 94"C 1 min. 60'C 1.5 min 
72 -C 2.5 min for 20 cycles. 

The aqueous layer under the paraffin was extracted 
once with phenol, once with phenol: chloroform, once with 
ether, ethanol precipitated, and resuspended in 36 pi of 

20 water. To this was added, 5 pi of lOx Buffer for NotI 5 
pi 1 mg/ml BSA, and 4 pi (40 U) of NotI (New England 
Biolabs). The restriction was incubated at 37 "C 
overnight. 

The DNA was ethanol precipitated and resuspended in 
25 36 pi of water, and 5 pi lOx NEB Buffer 4, 5 pi 1 mg/ml 
BSA, and 2 pi (40 U) of ApaLI (New England Biolabs). 
This was incubated at 37 'C for 5 hours; a further 2 pi of 
ApaLI was added and the reaction incubated at 37 "C 
overnight. 

^° -. oa. ^ extracted by gel purification on a 

1.3% low melting point agarose gel followed by treatment 
with Geneclean, to yield the insert DNA for cloning. 

Vector fd CAT2 (prepared and digested with ApaLI and 
NotI as in example 20) and the scFv DNA were ligated as 

35 in example 20. 

Analysis Of Clones 

Colonies from the ligations were first screened for 
inserts by PGR screening. The PCR mixture was prepared 
in bulk by cranbining 14.8 pL Ix PCR Buffer, 1 pi dNTP (5 

40 mM), 1 pi Back oligo (FDPCRBAK), 1 pi Forward oligo 
(FDPCRFOR), and 0.2 pi Tag polymerase per colony 
screened. 20 pi of this PCR mixture was aliguoted into a 
96 well Techne plate. The top of a colony was touched 
with a toothpick and twirled quickly into the PCR mixture 

45 and the colony rescued by placing the toothpick in a 
Cellwell plate (Nunc) containing 250 pi of 2x TY medium. 
The PCR mixture is covered with 1 drop of paraffin and 
the plate placed on the block at 94 "C for 10 minutes 
before cycling at 94 "C 1 minute, 60 "C 1 minute, 72 "C 2.5 

50 minutes . 

The clones thus derived were named as below. The 
affinity of scFv fragments derived the Fab fragments was 



f 
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not deteiinined but previous results suggests that these 
are cldseXy related althougfh not necessarily identical 
(R,E. Bird & B,W. Walker TIBTECH 9 132-137, 1991). 



5 Construct Affinity 

Name Ccoi¥>osxtion of Fab (Kd) 

TPBl VH-HuH2-(Gly4-Ser)3-VK-HuK3 13 nM 

TPB2 VH-HuHl-(Gly4-Ser)3-VK-HuK4 180 nM 

10 TPB3 VH-HuH2-(Gly4-Ser)3-VK-HuK4 (Unknown) 

TPB4 VH-HuHl-(Gly4-Ser)3-VK-HuK3 52 nM 



Preparation of phage and ELISA was as described in 
exa m ple 6. The clones generated in f d CAT2 were shown to 
15 bind Ij^dzyme as expected. 
Affinity selection 

Selection of Higiiest Affinity Binding Phage 

Mixing experiments were performed in which f d-CAT2 
scPvDl.3 phage (example 19) were mixed with either fd- 

20 CAT2 TPBl, fd-CAT2 TPB2, or fd-CAT2 TKPB4, and used in 
one rouiid of panning . 

The general method used for affinity selection by 
panning is that detailed below. Any deviation from this 
protocol is described at the relevant point. Panning 

25 plates wiere placed on a rocking platform between 
manipulations. 

Falcpn 35 mm Tissue Culture dishes were coated 
overnight with 1 ml of Lysozyme ( various concentrations ) 
dissolved in 50 mM Sodiim Hydrogen Carbonate, pH 9.6, and 

30 blocked ^th 2 ml 2% MPBS at room temperature for 2 
hours. Phage were prepared in 1 ml 2% MPBS and rocked at 
room teir^jeraittire for 2 hours. Plates were washed for 5 
minutes with 2 ml of the following solutions; 5 times 
with PBS, PBS-Tween, 50 raM Tris-HCl, pH 7.5; 500 mM 

35 Sodium Oilbride, 50 mM Tris-HCl, pH 8.5; 500 mM Sodium 
Chloride,^ 50 mM Tris-HCl, pH 9.5; 500 mM Sodium Chloride, 
50 mM Sodium Hydrogen Carbonated, pH 9.6; 500 mM Sodium 
Chloride. ' Phage were then eluted by adding 1 ml 100 mM 
Triethylamine and rocking for 5 minutes before removing 

40 the eluate which was neutralised with 100 jil 1.0 M Tris- 
HCl, pH 7.4. 

Plates were coated overnight with Lysozyme at the 
concentration listed below • 

Colonies from the single round of panning w er e 
45 probed with either MURDSEQ (for fdCAT2 scFvDl.3) or 
HUMD13SEQ:(for fdCAT2 TPB constructs). 

Circles of nitrocellulose (Schleicher & Schuell, BA 
85, 0.45 pm) were labelled in pencil and lowered gently 
onto thie colonies derived from the panning experiments 
50 and left ;f or one minute. The filters were then pulled 
off quiclcly from one edge and placed colony side up on a 
piece of 3MM paper (Whatman) soaked in Denaturing 
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solution (500 mM Sodium Hydroxide; 1.5 M Sodium Chloride) 
S nLS:;??^^ • 1^ transferred to sSrlSiSli 

ir±s-SS^'?^J°}'''''f''/^'° ^"^^"^ Chloride; 500 m 
5 S ssc- 250 1 "inute, and then to 3MM soaked in 

3x SSC, 250 mM Ammonium Acetate for 1 minute. The 
filters were then air dried before baking in ^ 80-C 
vacuum oven for 30 minutes. m an oo c 

the fo?fowii|r"°^^*"^ prBTpar^a by combining 

10 2 111 oligonucleotide (1 pmoles/jal) 

plc)^ ^'^^^ Ci/mmole) (Amersham International 

2 ]il 10 X Kinase buffer (0.5 M Tris-HCl nH 7 «?. inn -.m 
Magnesium Chloride; 10 mM DTT) ^ ' °° 

15 12 III Water 

2 pi Polynucleotide Kinase (20 Units) 
This was incubated at 37»C for 1 hour. 

n V. ^^y*»^i<5i2ation was performed in the Techne hb-i 

20 37-C in^o ^ "^ft^ f pre-hyb^i^Tized a^ 

e\,7 ^° °^ Hybridization Buffer (lO ml 100 mM 
Sodium pyrophosphate; 180 ml 5.0 M Sodium chloride- 20 
50x Denharts Solution; 90 ml 1.0 m Tris-HCi ni? v ?- S. 
ml 250 mM EDTA; 50 ml 10% Npio; mIS to 1 l?t^ ^i^^ 

25 Z^^^L l^''^'' »g yeast RNA (Siirfrior S 

25 minutes before the addition of the 20 pi oflie klMsed 
olxgo. The filters were incubated at 37«? f^ at 

??-C^S' "^^^^"^ ^ "i**^ 50 ml of 6x SSC^J 

=J ^ minutes (low stringency wash). Filters were 

Selection of fd-CaT2 scPv D1.3 from fd-CaT2 TPB4 

Figure 39, summarizes the results from oannlnn 
experiments using a mixture of the high af fS^ fSS?2 

35 (Sr5f^).^^^^ ^^-2 ^> fd-§AT2 T^^lonstSS 

^ coating concentration of 3000 pg/ml Lysozvme 
little or no enrichment could be obtained. it ^as 
however possible to get enrichment for ?^ scFv dH 

40 '^tlrne%'^^^ 

45 ^-^S ™^ -3 ¥?rfS?s?r™ 

45 Enrichment for the high affinitv scPv ni „>,=^ 

sJSn'Ji/^-^"". '•^^^ P^^^^ (^-iS^nMf'Sufd-onl^'S 
^eS^aS^ wl«?®f "^''^ been coatS 

S S^^e Jo. concentrations of Lysozyme, as shown 

50 In summary, single chain Fv versions of a series nf 

hu^j^zea Dl 3 ^t^es havB been constrSSOd'S'Sa^ 
la CATZ. By affinity selection of fa-CAT2 Ibage 
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mixtures/ by panhirig in small petri dishes, it was shown 
that the high affinity scPv D1.3 phage, could be 
preferentially selected for against a background of lower 
affinity scFv HuDl . 3 phage. 
5 Example 36 

Expression of Catalytically Active Staphylococcal 

Nucleetse on the Surf ace of Bacteriophage fd 

Exainples 11 and 12 showed that alkaline phosphatase 

from E.coli can be expressed as a catalytically active 
10 enzyme oh the surface of bacteriophage fd. Here we show 

that Staphylococcal nuclease can also be expressed in a 

catalytically active form suggesting that this 

methodology may be general. 

The : gene for the enzyme Staphylococcal nuclease 
15 (SNase) was amplified from M13 mpl8 - SNase (Neuberger, 

M.S. et ai Nature 312 604-608, 1984) by PGR using primers 

with internal ApaLl (5*- 

GGAATTCGTGCACAGAGTGCAACTTCAACTAA;UVAATTAC-3 ' ) and NotI 
(5'- 

20 GGGATCCGCGGCCGCTTGACCTGAATCAGCGTTGTCTTCG-3 ' ) restriction 
Sites, cloned into phage vector fd-CAT2 after digestion 
with ApaLX-NotI restriction enzymes and the nucleotide 
sequence of the SNase gene and jxinctions with gene III 
checked by DNA sequencing. The fd-tet-SNase phage was 
25 prepared -V from the supernatant of infected E.coli TGI 
cultures by three rounds of PEG precipitation, and the 
fusion protein demonstrated by SDS-gel electrophoresis 
and Western blotting using rabbit anti-g3p antiserum 
(Prof. I. Rasched, Konstanz) and peroxidase-labelled goat 

30 anti-rabbit antibodies ( Sigma > (Fig. 41) as described in 
example 2i7. As well as the fusion protein band 
(calculated Mr 59749, but runs at a higher position due 
to the aberrant g3p behaviour), a smaller (proteolytic ?) 
product is seen. 

35 The fusion protein was shown to be catalytically 

active by incubation of the fd-tet-SNase phage (4 x 10^ 
tetracyclin resistant colonies [TU] ) with single stranded 
DNA (1 pg) for i hr at 37**C in the presence of Ca2+, and 
analysis of the digest by agarose gel electrophoresis 

40 (Figure 42). Nuclease activity was not detected with the 
parent fd-CAT2 (2 x 10^^ TU) phage alone or after three 
rounds of PEG precipitation of mixtures of fd-CAT2 (2 x 
10-^^ TU) with SNase (0.7 pg). Thus the nuclease activity 
results j|rom the display of the enzyme on the surface of 

45 the phag^ and not f rcmi co-precipitated or soluble SNase 
set free by degradation of the fusion protein. The 
nuclease ^activity of fd-tet-SNase (Figure 42) lies in the 
same order of magnitude, (2 x 10^ TU and assuming three 
copies of SNase per TU) as an equimolar amount of SNase 

50 (0.03 ng or 10^ particles), and like the authentic SNase 
was depeiruient oh Ca2+, since incubation with 40 mM MgCl^ 
and 25 mM EGTA blocked activity (not shown). 
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10 



15 



°if^l°^ °^ ^ AmlnotemUnal Domains of 

Human CD 4 on the Surface of fd Phaqi " 

The protein CD4, a member of the Immunoglobulin 
SS^ TJ^^' f receptor Involved in MhS 

class II restricted immune recognition. it is also 
f^!!^;^ !^ ^ protein gpl20 derived from the human 
immunodeficiency virus (AIDS virus). The first two 
domains (named VI and V2, residues 1-178) of tt^ S:f a?e 
antigen CD4 were amplified from pUC13-T4 (gift from T 
Simon) containing the human cDNA of CD4, by PCR usini 
^SS" internal ApaU (5'-GGA ATT CCT^CACAG AA6 
^ ^ GGC JAA MA GGG G-3') a nd Noti ( 5'-GGG 
ATC CGC GGC CGC AGC TAG CAC CAC GAT GTC TAT m CTC^ 
3 ) restriction sites. After digestion with these two 
SS^!^' ^ PCR-produot was cloned into fdCAT2, and the 
?,mSfS n"fle°tide sequence of the CD4-V1V2 DNA and 
junotlons with gene III checked by dldeoxy sequencing 
using oligonucleotides fd-seql (5'-GAA TTT TCT ffS^ Tr? 
20 5?!'a2^;^^' ^^'-^^ TTG Gt6^^C-3^^ ^ cS-sS 

ACC AGG GGG GCT CT-3'). In the same way a fd- 
CD4-yi version was made, linking residues 1-107 to the N- 
°^ ''^^"Sr previously mentioned primers 

^ oligonucleotide 5 '-GGG ATC CGC GGC CGC GGT 6TC AGA 
GTT GGC AGT CAA TCC GAA CAC-3' for amplTflStlon 
conditions and cloning were essentially as SSlS^d^ 
example 15 except that digestion was with ApaLI^?NoM 
(used according to the manufacturers instru<rtlons)V 

f<J-CD4-.vi and fd-CD4-viV2 phages were prepared 
from the supernatant of Infected E.ooll TGI culSiresbv 
three rounds of PEG precipitation, thereby conc^Stlna 
the sample 100-fold for ELISA analysis^ f SSSn 

protein was detected in a Western blot (results not 
shown) with a rabbit anti-gene III antiserum 
revealed bands of the expected size. ^'^tlserum, and 

35 Binding of the CD4 moiety to soluble gpl20 

(recombinant HIV-IIIB gpl20 from CHO cells, ADP604 
obtained from the Aids Directed Programme, National 
^°l°9±cal Standards ax^Conteols, sSSS 
Mimms, Potters Bar, UK) was analysed in an ELISA, using 5 
40 pg/ml gpl20 for coating (overnight, in PBS). 'aS^I-MiI 
antiserum was used to detect bound phage; all other 

ti^j;'^^**^.^?*?*^^^^ ^' 43 shows the 

ELISA signals of wild-type phage (fd-tet) and both CD4- 

K?°s[®^* CD4-phages can bind gpl20, but fd-CD4-viV2 

45 binds much stronger to gpl20 than fd-CD4-Vl. The bindim 
competitors, soluble CD4 (recombinant soluble CD4 frSS 
Baculovlrus, ADP 608; from the AIDS Directed P^J^) 

LlL^^/i^Kn'' r^"?^^ <20 ng/ml), added tSgether 

with the 50 |il phage stock sample during the EticA 
50 decreased the signal to background"^ leveJ! ^h^e r^sSJs 
indicate that phage binding to gpl20 is mediated ^JtS 
CD4 molecule displayed at its surface, , and that binding 
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Is s1:rongier when the two ami noterminal domains of CD4 are 
presented^ 

Thusjr bD4 is a cell surface receptor molecule which 
is active when displayed on bacteriophage fd. Like the 
5 PDGF-BB Receptor, the functional display of which is 
described in examples 15 and 16, CD4 is a member of the 
immunoglobulin superf amily and this result suggests that 
this class of molecule may be generally suitable for 
display dn the surface of phage. 

10 Example 38 Generation and Selection of Mutants of an 
Anti-'4^hydroky-3-^nitrophenylacetic acid (NP) Antibody 
expressed on Phage using Mutator strains 

It will sometimes be desirable to increase the 
diversity bf a pool of genes cloned in phage, for example 

15 a pool of antibody genes r or to produce a large number of 
variants of a single cloned gene. There are many 
suitable in vitro mutagenesis methods.- However, an 
attractiire method, particularly for making a more diverse 
population of a library of antibody genes, is to use 

20 mutatoi: strains . This has the advantage of generating 
very large numbers of mutants, essentially limited only 
by the niimber of phage that can be handled. The phage 
display syst^ allows full advantage to be taken of this 
number to isolate improved or altered clones. 

25 Nucleotide sequences encoding an antibody scFv 

fragment directed against 4-hydroxy-3-nitrophenylacetic 
acid (NP), scFvBlS, derived as in example 14 from a 
monoclonal antibody against NP were cloned into fdCAT2 
using ApaLI and Notl restriction sites as in example 11 

30 to create fdCAT2scFvB18 or into fdDOGKan (fdCAT2 with its 
tetracycline resistance gene removed and replaced by a 
kanamycin resistance gene) using PstI and Notl 
restriction sites to create fdDDGKanscFvBlS or into the 
phagemid vector pSENl using the restriction sites Sfil 

35 and Notl as a fusion protein with gene III to create 
pHENlscFvBlB . 

The following mutator strains (R. M. Schaaper & R.L. 
Dunn J. Mol. Biol. 262 1627-16270, 1987; R. M. Schaaper 
Proc. Natl. Acad. Sci. U.S.A. 85 8126-8130 1988) were 
40 used: 

NR9232: ara, thi, mutD5-za£13: :TnlO, prolac, F'prolac 
NR9670: ara, thi, azi, mutTl, leu::TnlO, prolac 
NR9292: ara, thi, mutHlOl, prolac, F'prolac 
NR9084: afa, thi, mutTl, azi, prolac, F»prolacI"Z7iM15 
45 M15 

NR9046: ara, thi, supE, rif, nalA, metB, argE(am), 
prolac, F 'prolac 

were kind gifts of Dr. R. M. Schaaper (Department of 
Health & Human Services, NIH, PC Box 12233, Research 
50 Triangle Park, N.C. 27709 ) 

NR9046mutP5: NR9046 mutDS: :TnlO 
NR9046mutTl: NR9046 mutTl: :TnlO 
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lTc^^fJ^^''''%u/JL'^T''^^°^ according to standard 
fd?A?2solvkl8 f /nnn^''^^''^ transfected with 

sSSS:^ f or Lt^^^^ '^''^ transfectants 

5 SoSS iSr Sh^r^7°r Ho^^^^^*^- Transfectants were 
n-^rrHni^-tl^ ^ mitam phage was harvested 

a S N?P H*^"- 'J®. P^Se were selected on 

L» o X. ^^-^^y'^'^o^y-S-iodo-Snltrophenylacetio acld?- 
BSA-Sepharose affinity column (preoared ariftrS^r.^ f f 

column m 10ml MPBS and unbound matSal «^„i?2^ J 

Phage eluate was incubated for 30mln to Ih with loo 
cells/ml) E.coll mutator sta^ainL w^^h^S? 

25 in j^^9 °icS^rtS?rs5tr ^^^^^ ^"^^ ^« 

NTo nca >>! K ELISA plates were coated with 

m^/mf? ^t-^yf^O'^-S-iodo-S-nltrophenylacetyl-BSA; 0 4 
mg/ml). Culture supematants were m«r»«.I.^ j 

growth in Cellwells a? des^Sed^^ ^^^21 ^°2^i 
30 ?So5*^w^ S'Sr^*^* ^"^^-^ *° well''diS?el°?i 

i™ir«^5^«®K^^^®^ giving signals in ELISA of more than 
2SS?*J?\?*i?^°"^ tested ELISA as above fo? ^ 

?r sL^i??i?L°^^* lysozyme, BSA or fSaSpJe 
35 PTTQa 4^ further confirmed by aS 

Phage giving positive signals in elisa ««t.« 

Kgl^Van^"^^^^^^^^^^ 
e^r^sion^a^^^^^^^ 

45 SS^Sr^^S 2? ai^ grown" at "y^o^S^^i 

of?«n5^u2: amplclllln to an OD600 

aldina^P?G'^t?^'-^ of soluble scFv fragments inducS b? 
aaaing IPTG to ImM. Cultures were shaken at 30 "C for 

50 b«ofJ?i"*'^® SCFVB18 was concentrated from crude 
S^'J^!im;"o?ToS^ ^ ""'"^^ Ultrafiltration""^?? 
The concentrate was passed two times over a 2ml 



wo 92/01047 



PCr/GB91/01134 



108 

coltunn of NIP^BSA-Sepharose prewashed with 200ml of PBS. 
The coluzdii was washed with 500ml of PBS and 200ml of O.IM 
Tris pH7.5, 0,5M NaCl and phage antibodies eluted with 
50nM Citxate buffer pH2.3. The eluate was immediately 
5 neutraliied with IMTris pH8 . The eluate was dialysed 
agaihst two changes of 1 litre PBS, 0,2mM EDTA, 
Precipitated protein was removed by centrifugation at 
lOOOOgatid protein yield was determined by measuring the 
absorbanee at 280nm of the supernatant. 

10 After 4 rounds of mutation and selection, isolated 

clcHies were screened and in one or two rare examples 
strongly positive ELISA signals were obtained from phage 
antibodies derived from the mutation of each of 
fdCAT2sc^B18 and fdD0(SCanscPvB18 in the ELISA. The 

15 ELISA conditions were such that the parent phage 
fdCAT2scfVB18 only generated weak signals. These phage 
antibodies givii^ strongly positive ELISA signals were 
enriched in further rounds by a factor of roughly 2.5 per 
round. Forty phage antibodies giving strongly positive 

20 signals were sequenced and they each displayed single 
mutations in six different positions in the scFvBlS 
nucleotide sequences, five of which reside in the light 
chain. More than 70% of the mutations occurred at 
positions 724 and 725 changing the first glycine in the J 

25 segment of the light chain ( framework 4) to serine (in 21 
cases) or aspartate (in 3 cases). The mutations found 
are shown in Table 9 . The sequence of scFvBlB is shown 
in Figure 44. 

The nucleotide sequences encoding the scFv fragments 
30 of a framework mutant with the above glycine to serine 
mutation > as well as a mutant where Tyr in the CDR3 of 
the light chain had been mutated to aspartate, were 
amplified by FCR from the phage antibody clones and 
subcloned into pHENl phag^nid (essentially as in example 
35 25). ^hls avoids possible problems with genelll 
mutations caused by the mutator strains. The same 
pattern of ELISA signals was seen when the mutants were 
displayed on phage following rescue of the phagemid with 
helper phage (as described in example 25) as when the 
40 mutants were assayed when expressed from the phage genome 
as above.: 

The: scFv fragments from scFvBlS and the scFv 
f r agpment^ containing the glycine to serine and tyrosine 
to aspai^ate mutations respectively were expressed in 

45 solution (following transformation into E.coli HB2151 as 
in example 27) at 30 ""C. They showed no differences in 
the ELISA signals between wild- type B18 and the framework 
mutant. The signal obtained from the phage antibody with 
the Tyr mutated to aspartate in CDR3 of scFvBlS was about 

50 lOx stirpnger. Expression yields were found to be 
comparable as judged by Western blotting using an 
antiserum raised against g3p (as described above). 
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a«?n'^K^ measurements were performed usina fluorescence 
quenching as aescribed in examole 23. Affi^^v 

^•ho J.rf^''®^ ""^^^ anri-genelll antibody showed 

^^ni-ooT^-""""? suffered significantly leS 

proteolytic cleavage than scFvBlB. «" t-Ly xess 

10 Hence, the use of mutator strains generates a 

fir^^^H^'^n °^ ^ antiboSiel 4^ they 

are used as hosts for clones for gene III fusioS il 
this case some of the clones exhibit higher ELiA 
probably due to increased stabili?y to pr^teSyS ll^t 

15 The mutator strains can therefor? be to ?n?SdS^; 

diversity into a clone or population of clonet ThS 
diversity should generate clones with Jlkra^^Jl 
S^^r^T^''^^''^'^^ ^^"^ ^ ^ *^^5her affinity or specff icSi 

20 ^^^eJirS ^Sg^^^ '^'^^^^ ^°^^-2:g display Se 
Example 39 Expression of a Fv Fratp ^n^ ox. surface of 

^|g| OBh aqe bv Non-Covalent AssTci...... ^^ ^I ^vS"anJ4' 

7^ ^= w "^^^^ example shows that functional Fv fraoments 
25 can be expressed on the surface of bacteriophage bf^oS 

Sp?eS^d'STaSri?r' ^ domainJ.'°^SnrcSin°?; 
expressed as a gene III fusion and the other as a soliihio 
polypeptide. Thus Fv fragments can be used for fS^S 

expression or Fv fragments as fusion proteins on i-ho 

^5 ?5Sd to" th? oTi^?? that'SrrdoiSin'X 
SSSssed sLIS?o, protein and the other V domain is 
expressed separately in secreted form, allowina to 
associate with the V domain on the lus^on^/oteS 
provided the interaction strength is suff^li^tly S2h 

40 ISi^nf^^ was tested in a model experiment using 4e v 

?S^ng the°"'D?l ^v^^'''^ ^^^^^^^ by 

rusing the D1.3 VK gene to gene III and senarat*.lv 
expressing the D1.3 VH domain. separately 

Experimentally this was achieved as follows- The 

45 pS°U^'?Soi' w"*^ the restrict" on enzy^S 

™i - VKn?^? From the Fv expression plasmid dSWI- 
^SSiarl PstT?xhr"^^°" 3/PUC119 (Ward et aL.'igsg 
?so2Ld /-digested restriction fragment was 

^?S™in«.oH ""^^ ^« coding seouence 

=0 ^ c°dons), a spacer region betweervH 

-0 and VK genes including a ribosome-binding si^^ for 

rollowmg in rrame. the VK gene. This fragment Sas 
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cloned into the digested fd-DOG vector to generate the 
construct* fd-tet Fv D1.2* As shown on the map in Fig. 45 ^ 
the dicistxpnic VH/VK-gene III operon is transcribed from 
the gene III promoter; secretion of the VH domain is 
5 achieved by the gene III protein leader, secretion of the 
VK-geneJIIX fusion protein by the pelB leader sequence* 
For control purposes a second construct with the name fd- 
tet Fv D1^3 (^S-Stuffer) was made by a similar route as 
described above: the VH used in this construct cainries an 

10 insertion of a 200 bp fragment in the Sty I restriction 
site at the junction of VH CDR 3/FR4, thus interrupting 
the VH with several in frame stop codons. It is known 
from previous work that this insertion sufficiently 
disrupts the VH structure to abolish binding to the 

15 antigen lysozyme when expressed either as a soluble Fv or 
single-chain Fv fragment 6r as a single-chain Fv fragment 
on phage Surface. This construct was used as a control. 
TGI bacteria carrying either the fd-tet Fv D1.3, fd-tet 
Fv Dl,3 Cds-Stixf fer) or as single-chain wild- type control 

20 fd-tet scdFV D1.3 plasmids were grown in liquid culture 
{medium 2xTY containing 15 pg/ml tetracycline) for 24h to 
produce .phage particles in the supernatant. After 
removal df bacterial cells by centrifugation the phage 
titer in the supematants was determined by re-infecting 

25 exponentially growing TGI cells with dilutions of the 
supematants and scoring tetracycline-resistants colonies 
after plating on tetracycline-plates . The infectious 
phage titers achieved were 1x1 0-^-^ tetR transducing 
units/ml for the singie-chain wild-type control fd-tet 

30 scFv Dl . 3 and 2x10^^ tetR transducing units/ml for Fv 
phage constructs fd-tet Fv D1.3 and fd-tet Fv D1.3 {/\S~ 
Stuf f er 

ELIS& of hen egg lysozyme was performed as in example 2 • 
The results are shown in Fig . 46 . Phage derived from 

35 bacteria ciarrying and expressing the Fv construct fd-tet 
Fv Dl . 3 bind to the immobilised hen egg lysozyme , and 
when taking the phage titer into account, indeed 
apparently better than the single-chain Fv bearing phages 
produced by fd-tet scFv D1.3 caarrying bacteria. The 

40 specificity of the reaction and the requirement for a 
functidnai VH domain is demonstrated by the fd-tet Fv 
01.3 (^S.T^Stuffer ) control in which disruption of the VH 
domain ai|d consequently of the Fv fragment association 
eliminates binding to lysoasyme. 

45 As 4 fi^si control of the expected structure of the 

VK/genelXI fusion protein a Western Blot was carried out. 
20 ^1 or phage suspensions concentrated 100 fold by two 
sequential precipitations with PEG were applied to a 10% 
SDS-PA(3E gel, electrophoretically separated and then 

50 transferred to a PVDF membrane (Immobilon, Millipore) in 
a semi -dry Western transfer apparatus ( Hoef er ) . 
Remaining binding sites on the filter were blocked by Ih 



wo 92/01047 



PCT/GB91/01134 



ill 



20 



25 



""-^^ ^* ^" ^^S' detection of the gene 

incubation with a 1:1000 
diluted rabbxt anti-genelll antiserum for 2h •several 

'^"^ 20, incubation w?^h ^'roKSaS- 
S««ho ^"^2 f°^^ anti-rat immunoglobulin antibodilS, 
^^'^ chromogenic substrate 

c^aEanobenzidine/Cocl2/0.03% H2O2. The Fv phage fd-tS 

T^Ji'lj'-^i^^ ^ fusion protein 

IS L shown), that is intermediate in size between 
fS-oSS" Ld ^ Wild-type gene III protei^ f?^ 

fcFv 5t ^^^-9ene III fusion protein from fd-tet 

scFv D1.3 thus proving the presence of a sinale 

^^^'^^"'"'t'-t'' covalently fused to the ge^e IlJ 

product mt he Fv phage. 

ri™n,J"- ^"f"*=?'' Fv-gene III fusions in which one V 
"^^^ protein and the other V 
f™^" associates non-covalently can be presented in 
JSSi ^^""^ °" surface of filaiSrtois 
fo?^l;.hT^^ ""^^ possibility to genetically^llS? 
£LiJ^?. J- ^^5°"^ed FV fragments with defined binding 
specifxcxta.es from v gene libraries expressed in phaaes 
Example 40 A ptr p.o od Technique f or ?ne star, gj nnfg^AT 
Human V-oe nes as Fab Constructs ep ^.xonxnq ot 

.. ti^P^t ^escribes a PGR based technique to 
iSSrS^in SST splicing together the hea^ and 

mifSr?^^ ^ "^^n^ separate piece of 'linker- DNA. A 
^T^l^*. unxversal primers is used which should make 
the technique applicable to all human V-genes. 

f general technique for PGR assembly of human V- 
Il/f.. ° ^ construct is described. The 

"asstSifin^^ °f .^''^^ technique was assessed by 
D TS^^^h' ^ expressing a human anti rhesus- 

i^"" ^ ^^"^ monoclonal hybridoma. We also 
■^'^ tllT^S^^ ^i"® potential to rescue human monoclonal 
-.5 antibodxes from polyclonal cell populations by 

Cloning, expressing and isolating an igG- 
lambda monoclonal anti-Rh-D Fab from a polyclonal 
lymphoblastic cell line (LCL). poxyuxonai 

40 in €^1^-7°^^^^^ strategy for the PGR assembly is shown 
iLfiS; ^ described in more detail below. For Fab 
assembly, the VH-CHl and VK-CK or V lambda-C lambda light 

l^ttitt' l^Ty^,^ ^^9ht chain DNA are then combined 
45 fnl^PCP ^ii;'^®'' flanking oligonucleotides in 

LnJ^T-,^^^ reactxon. This results in a full length Fab 
construct sxnce the 5' end of the linker DNA is 
compl^entary to the 3- end of the CHI domain ^d the 3' 
??fh^^,^^ i'^^^^ complementary to the 5' end of the 

50 iisiduJ? ^h"^^"- "^^^ ^^"^ °NA contains rerminal 
30 resxdues of the human CHI domain, the bacterial leader 
sequence (pelB) for the light chain and the inJ?iS 
residues of the VK or V lambda light chain (fig.!): 
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Finally, after gel purification, the Fab construcr is 
xeamplif j^ed with flanking oligonucleotides conraining 
restrictibn sites for cloning. 

Oligonucleotide primers : In order to develop the PGR 
Q cloning of human V genes it was necessary to design a new 
range of human ispecific oligonucleotide primers. 

The PGR primers at the 5 * end of the VH and VK and 
Vlambda gene exon (BACK primers) are based on sequence 
data extiracted from the Kabat database, (Kabat, E.A. et 
10 al, Sequesnces of Proteins of Immunological Interest. 4th 
Edition. US Department of Health and Human Services. 
1987) the EMBL database, the literature (Ghuchana, P., et 
al, Eur J. Immunol. 1990. 20:1317) and unpublished data. 
The sequence of the VH, VK and Vlambda primers are given 
15 in table 1. in addition, extended VH primers with Sfil 
sites at the 5' end were also designed (Table 10) for 
adding a restriction site after assembly. 

Table 10 also shows the 3' primers (FORWARD primers) 
designed for the PGR based cloning of human V genes. 
20 There are two sets of these depending on whether a Fab or 
scFv is to be produced. For Fab assembly, the forward 
primer wsis based at the 3' end of the CHI domain, CK 
domain and Clambda domean. In addition, the CK and C2 
FORWARD primers were also synthesized as extended 
25 versions with Not 1 sites at their 5' ends. 

Primers complementary to the CHI forward primers and 
the VkK and V lambda back primers were synthesized to 
permit generation of linker DNA by PGR amplification of a 
plasmid template containing the Fab linker ( Table 10 ) . 
30 To ensure adequate amplification, the primers were 
extended into the factual linker sequence, 
A RNA preparation 

This is essentially the same as described in Example 
14. but using material of human origin. In the results 
25 given in this example human hybridoma and human 
polyclonal lymphoblastic cell lines were used. 
B cDNA preparation 

Approximately 4yg of total RNA in 20ul water was 
heated at 65° C for 3 minutes, quenched on ice and added 
40 to a 30 ul reaction mixture resulting in a 50ul reaction 
mixture qontaining 140mM KGl , 50mM Tris , HGl ( pHS . 1 @ 
42°G), 8mM MgGl2, lOmM DTT, 500uM deoxythymidine 
triphosphate 500 iiM deoxycytosine triphosphate, 500 uM 
deoxyadenosine triphosphate and 500 uM deoxyguanosine 
45 triphosiphate, 80 units of human placental RNAse inhibitor 
and lOpnRDl of the appropriate Forward primer (HulgGl* 
4GH1F0R, HuIgMFOR; HuGKFOR, HuGLFOR). Two ui (50 units) 
of avian myeloblastosis virus (AMV) reverse transcriptase 
was added, the reaction incubated at 42**C for 1 hour, 
50 heated tp 100 ^C for 3 minutes, quenched on ice and 
centrifuged for 5 minutes. 
C Primary PGRs 
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mlKiJS'n^^HJ''^^ amplifications, an equimolar 

(PH 8.3), 1.5 mM MgC12, 175ug/ml BSA akd lul (5 ^tsT 
Thermus aauaticus (Tt*n\ nwa units; 
10 Emeryville oT) tl^^i-l . Polymerase (Cetus, 

narafftn :i ^^ctlon mixture was overlaid with 

paraffin oil and subjected to 30 cycles of amnllfioai-t^^ 
using a Techne thermal cycler. tS ^e „S oj^^ ? 
minute (denaturation), 57-C for 1 miSS (^aJiSgf 

g'^ga'^ggn^^;i?^T?^.f^ resuspended in^SOul 
on T° ^^^^ Fab linker DNA, 13 senaral-** ppp 

^ °^ ^ lambda oligonucleotides Th«. 
Jte^^^ea^l-f^^"*^"^*^^^ °^ P^-lFab D1.3 ('fig.Ia? 

S^lfSas ?2-^mS''^!?^^"r^ described above and the 
25 Z.^ t ^Sa^osT g?; "p^ui-ifieron^^m 

IS! p^S^iA\"a?i/^ - ^ U-^coJ^f a^d* 

E Assembly PCRs 

Mxture Without: priners ana c^ied 7 S.es T^S'- 2 ST 

S£^HsJE^--°"— ^^^^^ 

45 g^ti^^"" examples of PCR assembly of human i mmunoglobulin 

a. PGR assembly of a Fab from a h.„,«T, hybridoma- th*. 
human monoclonal anti Rh-D cell lines Fon T TT»p^ \ 
derived from EBV transformation of Ihe^iL^ of a ^rJ^d 
50 iinmunized with Rh^D pSit/ve bJSoS 

50 and has been previously described (Melamed, M.D et al 

a imim^ological Methods. 1987. 104:245)' (ASgAeSjoi;^ 
N.C., et al., Biochem. j. 1990. 268:135) (Gorick, B.D. et 
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al.,: Vox.v Totral RNA was prepared 

from apprdximareiy 10' hybridoma cells • First: strand 
cDNA syntrlfesis was performed as described above using t:he 
primers HulgGl-4CHlF0R and HuCKFOR. Primary PCRs were 
5 performed for trhe VH-CHl using a mixture of the 6 
HuVHBAOC prdLmers and HuIgGl-4CGlF0R and for the VK-CK 
using a mixture of the 6 HuVKBACK primers and HuCKFOR. A 
Fab construct was assembled as described above, 
restricted; with Sfil and NotI, gel purified and ligated 

10 into pJM-lFab Dl. 3 restricted with Sfil and Notl. The 
ligation fixture was used to transform competent E.coli 
E.M.G. ce^ls. Ninety- six clones were toothpicked into 
media in iicrotitre plate wells , grown to mid-log phase 
at 30 * C fflfid then expression of the Fab was induced by 

15 heat shocking at 42 for 30 min followed by growing for 
4 hours at 37*'C. The ninety-six clones were then 
screened for anti-Rh-D activity as described below. 
b> assembly of human Fabs; from a polyclonal (LCD : A 
polycloiiai LCL "OG" wais derived from EBV transformation 

20 of approximately 10^ peripheral blood lymphocytes (PBLs) 
from a Rh-D negative donor immunized with Rh-D positive 
red blooid ceils. The cells were plated at a 
concentration of approximately 10^ cells per well. 
Positive wells were identified by screening the cells 

25 harvested and then subcloned once. Typing of the well 
indicated that an IgG- lambda antibody was being produced. 
At^this stage,, total RNA was prepared from approximately 
10^ cells. First strand cDNA synthesis was ^ performed as 
described above using the primers HulgGl-4CGlF0R and 

30 HuCLFOR- Primary PGRs were performed for the VH-CHl 
using a mixture of the 6 HuVHBACK2 primers and HulgGl-4 
CGIFOR and for the V lambda-C lambda using a mixture of 
the 7 HuV BACK primers and HuC FOR. Restriction, 
cloning :and screening proceeded as described. To 

35 determine the diversity of the clones, the VH and V 
lambda genes of 15 clones were PGR amplified, restricted 
with the ' f requarit cutting restriction enzyme BstNl and 
analyzed oh a 4% agarose gel (see example 20). 
Assay foir anti-Rh-D activity and demonstration of 

40 specificity ; A 5% (vol/vol) suspension of either Rh-D 
positive (0R2R2) or Rh-D nisgative (Orr) erythrocytes in 
phosphate buffered saline ( PBS , pH 7 . 3 ) were incubated 
with a papain solution for 10 min at 37°C. The 
erythrocytes were washed three times in PBS and a 1% 

45 (vol/vol) suspension of erythrocytes was made up in PBS 
supplemented with 1% (vol /vol) of bovine serum albumin 
(BSA). VFifty ul of a papain treated erythrocyte 
suspensic^ and 50ul of phage supernatant were placed in 
the wells of round bottom microti tre plates and the 

30 plates were placed on a TItertek plate shaker for 2 min. 
After 15 rain incubation at 37 *C 100 ul of PBS/BSA was 
added to each well. The plates were centrifuged ar 200 g 
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for 1 min and the supernatant was discarded The 
erythrocytes were resuspended in the remaining PBS/BSA 
and the Fab fragments were crosslinked by addition of 
«^ antibody (50ul a lug/ml solucion in 

a PBS/BSA) directed agaxnst the myc peptide tag (Ward 
E.S. et al.. Nature 1989. supra). The plates were 
placed at room temperature (RT) until sedimentation had 
occurred. Agglutination of erthrocytes caused a diffuse 
button of erythrocytes and the results were evaluated 
10 macroscopically. Specificity was confirmed with a 
standard prepapainized (as above) panel of 9 erythrocyte 
suspensions in PBS (all suspensions blood group 0 4 d 
positive and 5 D negative) Jcnown to have homo^raous 
ir: expression of all the clinically relevant erythrocyte 
15 blood group alloantigens. The number of copies of the D 
^^iS^ °" ° positive cells varied between 10,000 and 
20,000 per erythrocyte depending on the Rh genotype. 
Brxefly, 50 ul phage supernatant in PBS supplemented with 
2% (vol/vol) skimmed milk was mixed with 50 ul of a 2% 
erythrocyte suspension in PBS in glass tubes and 

PBS/BSA the erythrocytes were pelleted and resuspended in 
50 ul donkey anti-human lambda light chain (Sigma L9527 
diluted 1:40 in PBS/BSA). The tubes were centrifuged for 
1 mm at 200g and agglutination was read macroscopically 
using "tip and roll" method. v^yj.«-aj.j.y 



Results 



a PGR assembly of a' Fab from a human hybridoma ; a single 
band ot the correct size was obtained after 
ampliflcatxon. Thirty-eight of 96 clones (40%) screened 
specifically agglutinated Rh-D positive but not Rh-D 
negative red blood cells. The results demonstrate a high 
35 frequency of successful splicing in the assembly process 
and the potential of this technique for one step cloning 
of htiman hybridomas. 

■^ff^f?^-^. ^^^^ ^ PO^ygJ-onal Ivmphoblastin 

Analysis of the d iversity of the clones 

40 indicated that 3 different heavy chain families and 2 
different light chains families were present. Five anti- 
Rh-D specific, clones were identified out of 96 screened 
The VH and V A chains had identical nucleotide sequences 
in each clone and were typical of anti-Rh-D V-genes 

45 (unpublished results). The results demonstrate the 
potential of this technique to assemble, clone and 
isolate human antibody fragments from polyclonal cell 
populations (see also section on isolation of specific 
binding activities from an ' unimmunized ' human librarv 

50 (examples 42 and 43). "^axy 
Example 41 

Selection of Phage Di splaying a Human Fab Fragment 
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directed against the Rhesus-D Antigen by binding to Cells 
displaying the Rhesus D Antigen on their Surface 

A large nxanber of important antigens are integral 
component^: of cell surface membranes, i.e. they are cell 
5 surface ahtigehs. These include tumor specific antigens 
and red and white blood cell surface antigens . In many 
instances, it would be important to isolate antibodies 
against these antigens. For example, antibodies directed 
against the rhesus-D (Rh-D) antigen on red blood cells 

10 are used Jbdth diagnostically and therapeutically. Many 
of these antigens are difficult to purify and some, like 
Rh-D, are not biologically active when isolated from the 
membrane. Thus, it would be useful to be able to 
affinity purify antibody fragments displayed on the 

15 surface of bacteriophage directly on cell surface 
antigehsy To test the feasibility of affinity 
purification on cell surface antigens, the anti-Rh-D 
human monoclonal antibody Fog-B was displayed as a Fab 
fragment on the surface of bacteriophage fd. The 

20 displayed Fog-B Fab fragment boxind antigen as determined 
by agglutination aissay and could be affinity purified ^pn 
the basis of its binding on the siirface of Rh-D positive 
red bipod cells but not Rh-D negative red blood cells. 
Materials and Methods 

25 Construction of a clone encoding an anti-Rh-D Fab 

fragment in phagemid pHENI and display of the Fab 
fragment on the surface of bacteriophage fd. 

The human hybridoma Fog-B has been previously 
described (N.C. Hughes-Jones et al Biochem, 268 135 

30 (1990). It produces an IgG-l/lambda antibody which binds 
the Rh-D antigen. RNA was prepared from 10^ hybridoma 
cells using a modified method of Cathala (as described 
in example 14) and 1st strand cDNA synthesized using 
specific immunoglobulin heavy and light chain primers 

35 (HuVHIFOR; [example 40] and HuCA FOR (5'-GGA ATT CTT ATG 
AAG ATT GTG TAG GGG CCA C-3M) as described in example 
14. The VH gene was subsequently amplified from an 
aliquot Of the 1st strand cDNA using HuVH4aBACK and 
HuVHIFOR- The V,\ gene was amplified using a VA primer 

40 specific for Fog-B (VA Fog-B, 5*-AAC CAG CCA TGG CC AGT 
CTG TGT fQA CGC AGC C-3 ' ) . The PCR conditions were as 
describee^: in example 40. The PCR products were analyzed 
by runnirjg Spl on a 2% agarose gel* The remainder was 
extracted twice with ether, twice with phenol/chloroform, 

45 ethanol t^recipitated and resuspended in 50ul of H2O. The 
amplified; VH DNA was digested" with Pstl and BstEII, and 
the ampiified VA-C/ DNA with Ncol and EcoRl. The 
fragraentS: were purified on a 2% agarose gel, extracted 
using Geneclean, and sequentially ligated into the 

50 soluble expression vector pJM-1 Fab D1.3 (Fig 48). 
Clones containing the correct insert were initially 
identified by restriction analysis and verified by assay 



wo 92/01047 



PCr/GB91/0n34 



117 



10 



15 



20 



aooumantation of speoiflS™ anti-Rh-D activity and 

Fd-Te?"'«i^ "f^ Po-^ified phage 

concentration of 4xl07/na. One ml r,/thf« P^^aer m a 

supplemented with 2% skimmed milk and incubated for If 
30 l^S^rJ.^ temperature under continuous^ttlon The 
30 erythrocytes were washed three times «n-h » ^ 

ice-cold PBCi Mn mi "".ee T:imes with an excess of 

^5 3000 r^™ ! ^ P^^^^*e<3 by centrifugation for 1 min a? 

selection on rhesus-D negative cells sn5 i*2 ', 
on rhesus-D positive cells ^ ^""^ ^^^^"^ selection 



Results 



Phage^dtrivef frS^th?„1f^^^ °" ^"^^^^^^ °f the 

=.^^T ? ™® phagemid pHEN clone SDeciflealiv 

JS'SlSSS'Sllf'TffiSrti^'^^^^^ rhesulTiegaSiil 
phagL'Sf on^iifo PO^'J^^ve'^ririfoS^^^^^ 
oO enrichment from 1:50 to 15057^ (Fog-B FiriStDraf 
wnereas purification on Rh-D neoativR t-oh ki ^ 
demonstrared essentially no enrxIKt (iS^old^^^^^^ 
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TITRE RATIO 
Fog-B Fab scFvDl.3 Fog-B FAb/scFvDl,3 

5 Prior tro selection 
Selection on Rh-D 
negative cells 
Selection on Rh-D 
positive cells 

10 

Example 42 A PCR Based Techniofue for One Step Cloning of 
Human scFV Constructs 

AssejDbly of huunan scFv is similar to the assembly of 
mouse scFvs described in example 14. To develop the PCR 

15 cloning of human V genes it was necessary to design a new 
range of human specif ic oligonucleotide primers (table 
10). Th^ use of these primers for the generation of 
human Fabs is described in example 40. The assembly of 
human scFvs is essentially the same but requires a set of 

20 FORWARD primers complementary to the J segments of the 
VH, VK aijd V lambda genes. (For Fabs FORWARD primers 
complementary to the constant region are used.) The J 
segmexit specific primers were designed based on the 
published JH, JK and J lambda sequences (Kabat, £.A. et 

25 al. Sequences of Proteins of Immunological Interest. 4th 
Edition. US Department of Health and Human Services. 
1987). 

In addition, a different linker is needed for scFvs 
than for tabs sb for human scFvs a new set of primers was 

30 needed to prepare the linker. Primers complementary to 
the JH foTOard primers and the VK and V lambda back 
primers synthesized to permit generation of linker 

DNA by PCSR amplification of a plasmid template containing 
the scFv linker (Table 10 ^ Fig. 49). To ensure adequate 

35 amplification, the primers were extended into the actual 
linker s^equence. Using these primers to make the scFv 
linker EttlA^ 52 separate PCR reactions were performed 
using eadh of the 4 reverse JH primers in combination 
with each of the 13 reverse VK and V lambda 

40 oligonucleotides . The template was approximately Ing of 
pSW2scDlv3 (Ward, E.S. 1989 supra) containing the short 
peptide (Gly4Ser)3 (Huston, J.S. et al.. Gene 1989. 
77:61) 

A specific example of PCR assembly of a human scFv 
45 library 

Thi$ example describes the generation of a human 
library Qf scFvs made from an unimmunized human: 

50bmi of blood, containing approximately 10^ B- 
cells/w^ obtained from a healthy volunteer blood donor. 
50 The white cells were separated on Ficoll and RNA was 
prepared as described in example 14. 

Twenty percent of the RNA, containing the genetic 



1.0 X 108 5-0 X 10^ 1:50 
2.0 X 10^ 1.0 X 10^ 1:5 

6.0 X 10^ 4.0 X 103 1500:1 
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""^xrf^^^-^ approximately 2 x 10' B-cells, was used for 

cDNA preparation as described in example 40. Heavy 
chaxns originating from IgG and IgM antibodies were kept 
_ separate by priming cDNA synthesis with either an loG 
= specific primer { HuIgGl-4CHlF0R) or an IgM specific 
primer (HuIgMFOR). Aliquots of the cDNA was used tS 
generate four separate scFv libraries (IgG-K, IgG-lambda, 
igM-K and igM-lambda) as described in example 40. The 

in ff™*'^",^*^^**''^''^®^ "^^^ purified on 1.5% agarose, 
10 electroeluted and ethanol precipitated. For subsequent 
cloning, the K and lambda libraries were combined oivina 
separate IgG and IgM libraries. "«^-i-nea giving 

Cloning of the library! The purified scFv fragments (1- 
4ugj were digested with the restriction enzymes NotI and 
either Sfil or Ncol. After digestion, the fragments were 
extracted with phenol /chloroform, ethanol precipitated. 
The digested fragments were ligated into either Sfil-NotI 
or Ncol -NotI digested, agarose gel electrophoresis 
purified pHENl DNA (6ug) (see example 24), in a 100 if 

BtofSS"? "^^^ " "^^ °NA ligase (New England 

ZJt ^ overnight at room temperature. The ligation mix 
was purified by phenol extraction and ethanol 
precipitated. The ligated DNA was resuspended in 10 ul 

25 F r-r,"i^ ^ri T^n samples were electroporated into 

25 E.coli TGI (50 pi). cells were grown in 1 ml SOC for 1 
..^ , plated on 2 X TY medium with 100 uo/ml 

^H^"- ^* glucose (AMP-GLU), in 243 x 243 ram 

Si?aSf d off After overnight growth colonies were 

30 rm^^rt iVa. f ^^^^f ^ 10 »1 2 X TY containing AMP- 

30 GLU and 15% glycerol for storage at -70'C as a library 

Sfil-NotI and Ncoi-Noti digested pHENl 
tht T 'S'^f °^ ^° 2 X 107 clones respectively 

xor the igM libraries and approximately 5 x 10^ clones 
for eacn of the two IgG libraries. 



15 



20 



35 



Example 43 Isolation o f binding activities from a library 
Of scFvs trom an unimmunized human ' — ~ 

40 ani-iho!l^ ^.^k"^^- ^° binding activities from human 

40 antibody libraries displayed on the surface of phage 
should prove even more important than isolation of 
binding activities from murine libraries. This is 
SSSJ?S„, ^^ standard way of generating antibodies via 

45 2n5iSTL ?K^°i°^v.*'^^ ^ success with human 

45 antibodies that has been achieved with mouse. While in 
some instances it will be possible to make libraries from 
immunized humans, in many cases, it will not prove 
possible to immunize due to toxicitv or lack of 
availability of an appropriate iramunogen or ethical 
50 considerations. Alternatively, binding activities could 
be isolated from libraries made from individuals with 
diseases m which therapeutic antibodies are generated by 
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whe immune response. However, in many cases, the 
antibody iprqducing: cells will be located in the spleen 
and not available in the circulating pool of peripheral 
bloqd lyi^phiDcytes (the most easily accessible material 
5 for generating the library In addition, in diseases 
associated with immunosuppression, therapeutic antibodies 
may not b^ produced. 

An ^temative approach would be to isolate binding 
activities from a library made from an unimmunized 

10 individual. This approach is based on estimates that a 
primary repertoire of lO'^ different antibodies is likely 
to recpgnize ;,over 99% of epitopes with an affinity 
constant of 10^ or better. (Pewrelson, A.S. Immunol. 
Rev, (1989) 110:5). While this may not produce high 

15 affinity antibodies, affinity could be boosted by 
mutation of the V-genes and/or by using the isolated VH 
domain iii a hierarchical approach with a library of light 
chains (or vice versa). In this section,, we demonstrate 
the feasibility of this approach by isolating specific 

20 antigen binding activities against three different 
antigens from a libraary of scFvs from an unimmunized 
human. 

Materials^ and Methods 

The generation of the human scFv library used for 
25 the isolation of binding activities described in this 
example is detailed in example 42. 

Estimatrion of diversity of original and selected 
libraries : Recombinant clones were screened before and 
after selection by PGR ( example 20 ) with primers LMB3 

30 (which sits 5' of the pelB leader sequence and is 
identical to the reverse sequencing primer (-40 n) of 
pUCl9) and fd-SEQl (see example 37) followed by digestion 
with the frequent-cutting enzyme BstNl. Analysis of 48 
clones from each unselected library indicated that 90% of 

35 the clones h^d inset, and the libraries appeared to be 
extremely diverse as judged by the BstNI restriction 
pattern. 

Rescue of Phagemid libraries for enrichment experiments : 
To rescue phagemid particles from the library, 100 ml 2 x 

40 TY containing AMP-GLU (see example 42) was inoculated 
with 10? bacteria taken from the library ( prepared in 
example 42) (approx. 10 pi) and grown for 1.5 hr, shaking 
at 37'Ci Cells were spun down (lEC- centrifuge, 4 K, 15 
min) and resuspended in 100 ml prewarmed (37**C) 2 x TY- 

45 AMP (see example 41) medium, 2 x 10^^ pfu of VCS-M13 
(Stratagene) particles added and incubated 30 min at 37' 
without shaking. Cells were then transferred to 900 ml 2 
X TY containing ampicillin (100 pg/ml) and kanamycin (25 
jig/ml) (AMP-tKAN), and grown overnight, while shaking at 

dO 37 /C. Phage particles were purified and concentrated by 
three PEG-precipitations (see materials and methods ) and 
resuspended in PBS ro lO-*-^ TU/ml (ampicillin resistant 
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clones). 

Enrichmeni: for DhO x;BSA bindei-g bv «=eleci:ion on i-„hoo. 

'*-44202) was coared with 4 ml phOx:BSA (1 ma/S' 
14 phOx per BSA in 50 mM NaHC03 pH 9.6 buffer) ove^^Shi 
at room temperature. After washing three rimei wlt^^s 
the rube was incubated for 2 hr at 37»C with PBS 

Sh^S'-SS^ ^^"^"^1^ '2% MPBS) for blockino. ^o^lowlnl 
washes, phagemid particles (10^3 tu) in 4 ml SI 

11 rS^r?^ T^"' ^P^^^^^ 30 min at room tiSpera^u^e 
on a rotating turntable and left for a further i q h«,T^o 

2S^%";n^ ^'^r ''^'^ "^^^ 20 washes of "^S O.'l^ 
20 and 20 washes PBS (each washing step was performed^ 
pourxng buffer in and out immet&ately) BouxS^pLS 

f f ^ ^^'^ rotating for 15 min The 

STo S'Sif icr'niTf ""f ^ neutLlised by Tding S!^? 
at 4»c. vortexed. Phage was stored 

Eluted phage (in 1.5 ml) was used to infect fl mi 
logarithmic growing E.coli TGI cells in 15tSf . J ?y 

avei^; ^7 AMP-GLU plates as aSove yielding on 

average 10' phage infected colonies. 

For selection of phOxiBSA binders, the rescue-tube 
enrichment -plating cycle was repeated 4 tiLi a^S? 

EnrSh^en^r^/ ^^"^^ analysed for bindin^?y eSsa! 

Enrichment for Ivsoz vme binders by pann inn and oA 

^gx^: A Petri d ish (3b x 10 mm Falbon 3001 ?issSe 
30 tll^^^Ji^^'L''^^ enrichment by pSSning SiSn| 

ff^' plates were rocked on an A600 rockina 

plate (Raven Scientific). Plates were coated ovSSgh? 

with 1 ml turkey egg white lysozyme (3 mg/ml ) in ?0 mM 

sodium hyarcgen carbonate (pH 9.17, lashld tLrS fim^S 
^ mx PBS, and blockea with 2 ml 2% mpb<? r-or^m 
.5 temperature for 2 hours. After three PBS washls 

approximately I0l2 xu phage particles in 1 ml 2% SS 

t^S^^fofl-o^lng Sfufion^r rtTm^^pW '"p^s-?ifen^"o^21 

Tris-HCl (pH 8.5) + 500 mM NaCl, 500 mM Tris-HCi /„» o 
. 500 mM Naci and finally 50 mM'soSluThJSJogS ca^SonAti 
f ?-^nn^°""'* P*"^^^ particles were then eluted by addiS 
AH triethylamine pH 11.5 and rocking f ?r 5 

45 before neutralising with 1 m Tris-HCl (pfi 7 4) 7li 
leohSrAse ^i^?™^^--^^' 1 -1 ^rkey egg „h/te l^sozyie! 
fSScS?e^ "^^'^ affinity purificaSon 

(McCafferty, et al.. Nature 1990. 348: 552) Columns 

Ztlt "'^^'^^ extensively with PBS, blocked with 15 mHt 
-0 MPBS ana pnage (10^2 TU) in 1 ml 2% MPBS loaded After 
washing with 50 ml PBS, 10 ml PBS- Tween (PBS \ o nyl 
Tween-20). 5 ml of 50 mM Tris-HCl (pH 7 If/sOO mi. 
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5 mM Tris-HCl 9pH 8.5) + 500 mM NaCl, 5ml of 50 mM Tris- 
HCl (pH 9.5) + 500 mM NaCl and finally 5 ml of 50 mM 
sodium hydrogen carbonate pH 9.6. Bound phage was eluted 
using 1.5 ml 100 mM triethylamine and neutralised with 1 
5 M Tris-HCl (pH 7.4). 

For Selection of turkey egg white lysozyme binders, 
the rescUe-tube enrichment-plating cycle or rescue- 
column-plating cycle was repeated 4 times, after which 
phagiMnid clones were analysed for binding by ELISA. 

10 Rescue of individual phagemid clones for ELISA ; Clones 
resulting from reinfected and plated phage particles 
eluted after 4 rounds of enrichment, were inoculated into 
150 yl of -2 X TY-AMP-GLU in 96-well plates (cell wells, 
Nunclon), grown with shaking (250rpm) overnight at S^C. 

15 A 96-well plate replicator (» plunger') was used to 
inoculate approximately 4 pi of the overnight cultures on 
the mastet plate into 200 pi fresh 2 x TY-AMP-GLU. After 
1 hr/ 50 pi 2 X TY-AMP-GLU containing 10^ pfu of VCS-M13 
was added to each well, and the plate incubated at 37 •C 

20 for 45 mih, followed by shaking the plate at 37**C for 1 
hr. Glucose was then removed by spinning down the cells 
(4K, 15 min) ; and aspirating the supernatant with a drawn 
out glass pasteur pipet. Cells were resuspended in 200 
pi 2 X TY-AMP-KAN (Kanamycin 50 ug/ml) and grown 20 hr, 

25 shaking 37* C. Unconcentrated supernatant containing 
phage was taken for analysis by ELISA. 
ELISA 

Analysis jfor binding to phOxrBSA, BSA or lysozyme was 
performed^ by ELISA ( see example 9 ) , with 100 pg/ml 

30 phOx:BSA or BSA, or 3 mg/ml turkey egg white lysozyme 
used for boating. Determination of cross reactivity to 
unrelated antigens with the isolated clones was also 
determined by ELISA on plates coated with 100 ug/ml of an 
irrelevant antigen ( keyhole limpet haemocyaixin ( KLH ) , 

35 ovalbumin^ chymotrypsinogen, cytochrome C, thyroglobulin, 
GAP-DH (glyceraldehyde-3-phosphate dehydrogenase), or 
trypsin :tohibitdr). 

Character ization of ELISA positive clones : All antigen 
specific clones isolated were checked for cross 
40 reactivity against a panel of irrelevant antigens as 
described above. The diversity of the clones was 
determined by PCR screening as described above and at 
least two clones from each restriction pattern were 
sequenced by the dideoxy chain termination method. 

45 

Results 

Isolation a nd characterization of ph0x;BSA binders ; 
After 4 rounds of selection, ELISA-positive clones were 
xsolated for phOxrBSA. All clones originated from the 
30 IgM library. Of 96 clones analysed, 43 clones were 
bxnding to both phOx: BSA and BSA, with ODs ranging from 
0.4 to 1.3 (background 0.125). These clones are 
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aesxgnarea as BSA binders. The binding ro 3SA seemed to 

S?„^?f''^^''' ^^"^^ 11 Clones anSvsiniSe a 

signal above background when used in an ELISA v?i-h 

=^ Sh^nTi"'. ■ ="5nnotrypsinogen, cyiroJhrome c '^Sz^e' 
^ °^ -rypsin inhibitor alT^lA 

ana 14 clones were completely sequenced. -^hiiSen 
fourteen clones had the same sequence the "vi^^ ^f ! 

(OD 0^3 hh"^; ^^^^^''k'* "^"^^ ^° phOx:BSA only 

15 ioSpletely bv ad'SSf 0^*i?^J=°^^? completed of I 

family gene (Table 11) ^^umau v xamoaa i 

cytochrome "c.^ tty'?og^iu?r„"^A"i.S^°S?^;^->S-' 
each restriction pattern „«e <»mpLte?y semSiSd 

^5 Conclusion 

40 Example 44 

uSnj!!LM"" ^"^"''^ ^-^-^---^ 

This example describes the rescue of aene 1 fii.=-ir,«= 

45 SStron"."^ ""^^^ ^ --l^ ph^/elT5.\'^Se°"l 

meaium containing lOOug/ml amoicillin 
.0 (TY/Amp/Glu). Thil was S^own at i7-C foi ^ S^houli""""!? 

^/Amn/r? -'^"•^^""^ ^"^^^ ^° 50 mis Of oSw^rmid 

.Y/Amp/Glu ana infection carried out by adding loS ™ a 
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200 fold cbncehirate of K07 helper phage lacking gene 3 
(M13K07gIiXANp-3) (ex^ and inciibating for 1 hour 

a-t 37 *C without shaking. Preparation of M13K07gIII No. 3 
was as deisqribed in example 34. After centrifugation at 
5 4,000 r.p^m^ for 10 minutes the bacteria were resuspended 
in 100 mis of 2 x TY medium containing 100 pg/ml 
ampicillin (with no glucose). Titration of the culture 
at this point revealed that there were 1.9x10^ infected 
bacteria as judged by their ability to grow on plates 
10 containing both ampicillin (lOOpg/ml) and kanaroycin 
(50pg/ml). Incubation was continued for 1 hour with 
shaking before transferring to 2.5 litres of 2xTY medium 
containicig 100|ig/ml ampicillin, 50^g/ml kanamycin, 
contained in five 2.5 litre flasks. This culture was 
15 incubated for 16 hours and the supernatant prepared by 
centrifugation. (10-15 minutes at 10,000 r.p.m. in a 
Sorvall RC5B centrifuge at 4*0. Phage particles were 
harvested by adding l/Sth volume of 20% polyethylene 
glycol, 2-5 M-NaCl, standing at 4'C for 30 minutes and 
20 centrifuging as above. The resulting pellet was 
resuspended in 40mls of lOmM Tris, O.lmM EDTA pH 7.4 and 
bacterial: debris removed by centrifugation as above. The 
packaged phagemid preparation was then re-precipitated, 
collected as above and resuspended in lOmls of lOmM Tris, 
25 O.lmM roTA pH 7.4. The litre of this preparation was 
4.1x10-''^ transducing units /ml (ampicillin resistance). 

Tubejs coated with OX-BSA were prepared as described 
in exampie 45 for panning the phagemid library from 
example 42 . The rescued library was also panned against 
30 tubes coated With bovine thyroglobulin (Sigma). These 
were coated at a concentration of Img/ml thyroglobulin in 
50mM NaHC03 pH9.6 at 37 "C, overnight. Tubes were blocked 
with PBS qontaining 2% milk powder (PBS/M) and incubated 
with 1ml of the rescued phagemid library (the equivalent 
25 of 250mls of culture supernatant) mixed with 3mls of 
PBS/M for 3 hours^ Washing, elution, neutralisation and 
infection were as described in example 45. * 
Results: Panning against oxazalone - BSA 

The first round of panning against OX-BSA yielded 
40 2.8x10^ phage • A large bacterial plate with 1.4x10^ 
colonies derived from this eluate was scraped into lOmls 
of 2xxTY, 20% glycerol, shaken for 10 minutes, aliquoted 
and srpred. This was also used to inoculate a fresh 
culture for rescue with M13K07gIIl No. 3. (Bacteria and 
45 rescued phage derived from first round panning against 
OX-BSA are named OXPANl, Bacteria or rescued phage 
derived from second and third round pannings are named 
0XPAN2 and 0XPAN3 respectively) Rescue of phagemid with 
M13K07giIl No.3 after each round of panning was 
dO essentially as described above but using 5ml volumes for 
the initial cultures in TY/Arap/Glu, using 1ml of helper 
phage and transferring to 100-500mls of 2xTY medium 
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ab^S i-h^^? pannxng steps were as described 

^f^'^ "Sing 0.8-1. Omls of 100 

5 2?T2„^f"o^ P^^^^ equivalent of 80-100 mis of 

S^in?^; supernatant:) The eluate from the second round 
eWe^fro™ ?S2^'Ih?*^° infectious particles and the 
f n^^^^^^ """""^ panning contained 3.3xlo9 
infectious particles. 

Panning against thyroqlobulin 

vlelrflS® 9^J-f^'^n5''°."'l'* panning against thyroglobulin 
2.52x10^ infectious particles. Half of the 
oi a to generate 1.26x10= bacterial colonies 

of iJ^^ 7n^^f' colonies were scraped into lOmls 

IS 3°* glycerol, shaken for 10 minutes, aliquoted 

Som Sf™**- ""i?^^^ bacteria and rescued phage dSS^S 
S^h ^T^"^.*^"™®^ THYPANl, and used to inoculate a 
tresh culture for rescue with M13K07gIIl No. 3 to oive a 
polyclonal rescued phage preparation.^ Material SmiSlJ 

THyPAN2 and THYPANS respectively. Second and their round 
thyroglobulin were as described fl^ sJcSSd 
SLnr. panning. The eluate from the 

2d ,P^T^^ contained 8xlo7 transducing unitS 

EUSA screening of clones derived by p ;inn,n» 
anannfJ aerived form the third round of panning 

wSl ola?r^i°*'Si^" (THYPAN3) were picked into a 96 
30 ^/LJ^/r^J overnight at 37'C in 200ul of 

^ol^lLl f^nJi^^^^''^'' ^2 two rounds and 48 

colonies from three rounds of panning against OX-BSA were 

S^rera't'^tL^"^ OX-PANS). Po^lyc'lonal phagf ".til 
prepared at the same time. Next day 5ul from each 
transferred to lOOm of ""fresh pr^waSS 
TY/Amp/Glu grovm for 1.5 hours and M13K07gIII nS.3 added 
TY/A^D/Glu^ infectious phage per well in lOOul of 
3TihJ?,( 2'.,. incubated for 1 hour at 37 -C 

v/ithout shaking, centrifuged at 4,000 r.p.m for 10 

?SSSJ/mi °^ 2x^ medi;^ contafniig 

sSakino So^o 'i/"'* a further hour with 

snaking before adding to 2mls of medium containing 

iJSi;?K"'iK^'"P^?^^^^"' ^O**^^'"^ kanamycin. After ovem?g^? 
growth the cultures were centrifuged at 4,000 r.p m for 

45 uLh^T^^ supernatants collected. E JsA piates 

45 used to screen THYPAN3 clones were coated at 37-C 
^^COsiSs^ "^P? 200yg/ml thyroglobulin if 50„.S 
NaHC03pH9.6. Plates used for 0XPAN2 and 0XPAN3 were 
coatee, at lOOpg/ml OX-BSA in PBS at 37-C overniglJt 
==0 5x PBq ins.°^ f,I'^^"''? supernatant was mixed with 30ul of 
flr^ knt^i "^l^^ ^° incubated at room temperature 

fs deso^^SH^"" temperature. ELlSAs were carried out 

as descrxbea m example 18. 



35 



40 
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For thyrogiobulin, 18 out of 40 clones were positive 
(0.3-2.0 O.D. after 30 minutes),. (A phage control 
(vector pCAT3) gave a reading of 0.07 CD.). In 
addition, positives were also seen on the polyclonal 
5 phage prieparations THYPANl (0.314 O . D . ) and THYPANZ 
(0.189 O.D. ) compared with phage derived from the 
original non-panned phagemid library (0.069 CD.). All 
polyclonal phaige were PEG precipitated and used at a 10 
fold concentration. 
10 PGR reactions and BstNl digests were carried out on 

the positive clones as described above and six different 
patterns of DNA fragments were obtained showing that at 
least six different clones had been isolated. 

For px-BSA after two rounds of panning^ 30 of 48 
15 clones were positive by ELISA and after three rounds , 42 
of 48 were positive. In a separate experiment, positive 
signal was obtained from the polyclonal phage 
preparaticms OXPANl (0.988 CD) and 0XPAN2 (1.717 CD) 
compared With phage derived from the original non-panned 
20 phagemid library (0.186 CD.) after 30 minutes. 

Specificity of clones for thyroqlobulin or OX-BSA 

Selected clones ( 11 anti-thyroglobulin, 5 anti-OX- 
BSA) representing each of the different BstNI restriction 
digest patterns were assayed for binding to a panel of 
25 irrelevant antigens. ELISA plates were coated with 
antigen (100 til/ml in 50 mM NaHC03, pH 9.6) by overnight 
incubation at 37* C. The panel of antigens consisted of 
keyhole limpet haemocyanin, hen egg lysozyme, bovine 
searum albumin, ovalbumin, cytochrome c^ chymotrysinogen, 
30 trypsin inhibitor, GAP-Dll ( glyceraldehyde-3-phosphate 
dehydrogemse ) , bovine thyroglobulin and oxazolone-BSA, 
Duplicate samples of phage supernatant (80 ^1 + 20 pil 5 x 
PBS, 10% milk powder) were added to each antigen and 
incubated for 1 hour at room temperature. the ELISA was 
35 carried 6ut as described in example 18. 

Each of the thyroglobulin specific clones (11 from 
11) were positive for thyroglobulin (OD 0.12 - 0.76) but 
after 60 minutes showed no binding (OD<0.03) to any of 
the 9 irrelevant antigens. Similarly of the 5 OX-BSA 
40 specific clones 3 had an CD 0.07 - 0.52 compared to CDs < 
0.02 for the irrelevant antigens. None of the 5 clones 
had any binding to BSA alone. 

Thus .positive clones can be isolated after only two 
rounds of panning by rescuing with M13K07glll No. 3. In 
45 addition ^here is a greater likelihood with this helper 

of generiating phage particles with more than one intact • 
antibody molecule. this will potentially increase the 
avidity of phage-antibodies and may enable isolation of 
clones of weaker affinity. $ 
SO Example 45: Alteration of fine specificity of scFv D1.3 
displayed on phage by mutagenesis and selection on 
immobilised turkey Ivsozvme 
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.ri-KK ^"'••'^ antibody binds hen ego ivsozvme (HEr i 

.il^ affinity constant of 4.5 :t loV^ °Seas ^'t 

= ni? ?nfl ; (Harper et al (1987) Molecular laununoW 24 
- P97-X08, Amit et ai (1986) Science 233 p747-753K " 
-Lt nas been suggested that "this is becanQ*. i-ho 
glutamine residue present at Dosition 121 of i5?l 

iS representated by histidine Ssidue a? -A? «i 

DOsition in TPT tk,, -•-i^j.-iics ie£»iaue ar i,he same 

tryptophan at position Q2 of i-ho n«>,i^ ■ 
15 with glnl21 of HEL Tn ^^'^ '^^^^^ interact 

of the heaw ^h^sr, tyrosine at position 101 

20 195, P901-917) ^ Journal of Molecular Biology 

Mutagenesi s of pCATSSCFvPI . 3 

randol^ie^^r^^^^^^^^^ rt^^^isftion^^fT^Tlt 

25 oifg^is^eo" ?:rrtL32 ^'"^ ^^^'^^ 

tyrosine aV^i?^K*. P?' Prepared to randomise 

T:yrosine at light chain position 32 fL35^ «t,h 

oligonucleotides mui-HTm ,,^Z IW-i ) and the 

tvrosine a? t?^..-*-™ prepared to randomise 

Sl9T92: °f heavy chain (HlOl). 

mutLT2'": '''''' """^ ^ ^"^^ -^A GTA ATA 3' 

^utHlOl/'''' ^^"^ ^ ^^"^ ^-^G ATT ATT CCC 3' 

5' CCA GTA GTC AAG CCT NNN ATC TCT CTC TCT GGC "= ' 

a'c GTr^rfn vi^r °" ^^^-^ amounts of 

pcAT3scFvDi.3" TiXir!T,nith' S ?f?""'" 

TiutLQi Q9 • ^ With the oixgonucleotide 

was called Dl 3r.qiTQ9 o- ^f^^^^^* glycerox. This pool 
by rescue with m 3^n; ^""^^^ stranded DNA was prepared 
45 IQRq «n«^» = "^3K07 as aescribed in Sambrook et al 
45 1989 supra, and sequenced with the primer '^DTSEOl usJnA 
a Seauenase seouencina nt- rrTr.-i+.«Ji -^"e-^ -"latux, using 
corporation). " """^"^ (United States Biochemical 

This revealed trhat the DNA had been successfmi^ 

encodino r Qi ' r,,!r r nucleotide cositions 

J d ^ur-cner ^ound ot mutagenesis as 
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above using eiither mutL32 or mutHlOl oligonucleotides • 
Mutagenesis with mutL32 gave rise to 71,000 clones (pool 
called D1.3L32) while rautHlOl gave 102,000 clones (pool 
called D1.3H101)* These clones were scraped into ISrals 
5 of 2xTY/2p% glycerol. Single stranded DNA derived from 
each pool was sequenced with the oligonucleotides 01.3L40 
and LINKSEQl respectively, as described above, and shown 
to be cort^ectly randomised* 
D1.3L40: 

10 5 ' GAG (SAG CTG AGG AGA TTT TCC 3 ' 
LINKSEQl: 

5' TCC GGC TGA ACC GCC TCC ACC 3' 

Preparation of rescued phage for affinity purification 

10'20jxl of bacteria derived from each mutagenised 
15 pool (plate scrapes ) was used to inoculate 5mls of 
TY/Glu/Amp. All bacterial growth was at 37 "C. After 2-3 
hours growth^ 1ml was diluted in 5mls of prewarmed 
TY/Glu/Amp and infected by addition of 0-5 mis of a 200 
fold concentrate of the M13K07gIII ^ No.3 preparation 
20 described in Sample 34. After 1 hour of infection the 
cultures were centrifuged at 4,000 r.p.m. for 10 minutes, 
resuspended in 2xTy, lOO^g/ml ampiciXlin, incubated for a 
further hour, transferred to 500 mis of 2xTY medium 
containing 100 pg/ml ampicillin, 50 ug/ml kanamycin and 

25 grown for 16 hours. The remaining steps of phage 
preparation were as described in example 44. Phage were 
finally dissolved in ItimM Tris, ImM EDTA pH7.4 at 1/ 100th 
the original culture volume. 
Affinity purification 

30 lOmls of turkey egg lysozyme at a concentration of 

lOmg/ml in O.IM NaHC03, O.SMNaCl pH8.3 was mixed with an 
equal volume of swollen Cyanogen Bromide Activated 
Sepharose 4B ( Pharmacia ) , covalently linked and washed 
according to manufacturers instructions. Before use this 

35 matrix ( TEL-Sepfaarose ) was washed with 100 volumes of PBS 
followed by 10 volumes of PBSM. The TEL-Sepharose was 
resuspended in an equal volume of PBSM and 1ml was added 
to 1ml of a 50 fold concentrate of phage in PBSM and 
incubated on a rotating platform for 30 minutes at room 

40 temperature. The actual phage used for this step was 
prepared by mixing equal volumes of the independent 
preparations of the three randomised pools (D1.3L9192, 
D1.3H101 and D1.3L32). After this binding step, the 
suspensions were loaded onto a disposable polypropylene 

45 column (Pbly-Prep columns, Bio-Rad) and washed with 200 
volumes of PBS containing 0.1% Tween 20. Bound phage 
were eltited with 1ml of lOOmM triethylamine and 
neutralised with 0. 5ml IM Tris (pH7.4). A dilution 
series w;as prepared from the eluate and used to infect 

50 TGI cells and plated out on TY plates containing lOOyg/ml 
ampicillin, 2% glucose. Plates carrying approximately 
10° colonies were scraped into 3mls of 2xTY, 20% glycerol 
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10 



15 



20 



ana srored ar -70-C. lOul of this was used to initiate a 
secona round culture which was rescued with M13K07glll^ 
^nn™i . (using a final culture volumi of 

^OOmis). Second and third round affinity column 

for the first round. ow^vc 
Analysis by ELISA 

40 colonies derived from the third round of column 
purification on TEL-Sepharose were picked into a 96 S 
plate and grown overnight at 37 "C in 200m of TY/AmD/Glu 
Phagemid particles were rescued and prepared f or SisA a^ 
described in example 18. ELISA plates wSe coatld 
overnight at 37-C with hen egg lyso2^e (HEL) or ?SlSy 

SSp!el8 ''^^^ described in 

After 15 minutes incubation in substrate, 13 clones 
were found to be negative (OD<0.05 on HEL and TEL). S 

Siih'Sfo*^''^^'.-^ ^'■T^'- °* 0-1-0-78 was scored oA HEL 
with the exception of one where signal on HEL was 0.078 
but ^signal on TEL (CD 0.169) brought it in to the 
positive group. The control phagemid preparation had a 
percentage ratio of signal TELrHEL of 22%: cSnes werS 

25 ^STheL '^Sa.''^^f ^.H""^^*n^"^ ^^"'^^"^ 1:he ratio^J 

TEL. HEL was less than 40%. 9 clones fell into this 
category. 18 samples wer^ scored as having alt^el 
binding with a ratio of signal on TEL: HEL of SSt^^^^t- 

on 1 ^ dilution series was made on 10 clones which we~ 

30 analysed by ELISA in 6 of these clones 4e prolile SI 

U^iSicF^Dl IfJlL T origins? ""clone 

jpt-AiJbCFvDl.3) While the signal with TEL was increased 
(see figure 50 clone Bl). m the remaining T clones tte 
increased signal with TEL was accompanied bv a dSreasS 
35 in signal on HEL (see figure 50 clone A4). decrease 
Competition with soluble antig en 

All of the isolated clones retained binding to HEL 
ioluhiT"^ "^'^^ ^° determine Whether a 

40 aniain f^^^ST^" 5°"^"^ compete with the immobilised 
40 anjigen, a parallel experiment was carried out, as above 

'EL Senh^rn. ^'"''"'^i^" °^ ■ lysozyme ( Img/mT) ?o 

.EL-Sepharose oefore incubating with the ohaoe 

^SSSSr'^ir- 1 ■''^'^ experiment was^ carried ^LoS^h ^1 

45 ;?cked M™"'"o^^'fK""°"^°" ^° colonies lere 

: °^ clones bound HEL or GEL 

successS'^^n^n™^!^ ^"k""^^^ ^"^^5^- h-<^ ^eei 

S!?igS competing out binding to the immobilised 

Example 46 

^° ^ogj^fication of the S pecificity of an Antih ori.r by 
rrom an Unimmunxsea Mouse " 
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When an antibody specificity is isolated it will 
often be desirable to alter some of its properties 
particularly its affinity or specificity. This example 
demonstrates that the specificity of an antibody can be 
5 altered by use of a different VL domain derived form a 
repertoire of such domains. This method using display on 
phage would be applicable to dlmprovement of existing 
monoclonal, antibodies as well as antibody specificities 
derived u^ing phage antibodies. This example shows that 

10 replacement of the VL domain of scFvDl,3 specific for Hen 
eggwhite; lysozyme (HEL) with a library of VL domains 
allows selection of scFv fragments with bind also to 
Turkey eggwhite lysozyme (TEL). More generally this 
experimentail approach shows that specificities of 

15 antibodies can be modified by replacement of a variable 
domain and gives a ftirther example of the hierarchical 
approach -ibo isolating antibody specificities. 

The bl. 3 heavy chain was amplified from an existing 
construct (pSWl-VHDi. 3^ Ward et al.^ 1989 supra) by PGR 

20 using the primers VHIBACK and VHIFOR, the light chain 
library was amplified f irom a cDNA library derived from 
the spleen of an unimmunised mouse, which was synthesized 
by \xsing the MJKFONX primers 1,2,4,5 for the first strand 
as in example 14. The subsequent amplification was 

25 performed with the same forward primers and the VK2BACK 
primer. The PGR assembly of the Dl,3 heavy chain with 
the light: chain library was mediated by the signal chain 
Fv linker as described in example 14. 

Cloning the assembled PGR products (scFv sequences) 

30 was done after an additional PGR step (pull-through) 
using a BACK primiar providing an ApaLI site and forward 
primers which contained a Not 1 site as described in 
example 14. ApaLI /Not I digested PGR fragments were 
cloned into the similarly digested vector fdGAT2 as in 

35 example 11. 5x10^ transformations were obtained after 
electroporation of the ligation reaction into MG1061 
cells. ■ 

Screening of the phage library for TEL binders was 
perfonned by panning. Polystyrene Falcon 2058 tubes were 

40 coated (16 hrs) with 2 ml of TEL-PBS (3 mg/ml) and 
blocked for 2 hrs with 4 ml MPBS ( PBS containing 2% 
skimmed milk powder ) . Phage derived from the library 
(5x10-*-^ transducing unites) in 2 ml of MPBS (2%) were 
incubated in these tubes for 2 hrs at room temperature. 

45 The tubes were washed 3x with PBS, Ix with 50 mM Tris- 
HCl/ pH 7.5, 0.5 M NaGl; Ix with 50mM Tris-HCl, pH8.5, 
0.5 M NaCl, 50 mM Tris-HGl, pH 9,5 M NaGl- Finally phage 
were eluted with 100 mM triethylamine. Eluted phages 
were taken to infect TGI cells, the cells were plated on 

50 2xTY plates containing 15 pg/ml tetracycline and grown 
for I6h. The colonies were scraped into 25ml of 2xTy 
medium and the phages were recovered by PEG 
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selection for tei. V>< k ' rounds of 

cj.Bv.wAon lor rEL Uindmg phages about 10% i-ho r.h=>.,» 

clones showed positive ELISA sionaS^ ft rVa » ■ . ^^^^ 

original Dl.a'^sof?. 'thl^' b^'^il-.St'SS.uslvSv 'J^ 
HEl. None of the clones bound to BmV ISse 7jSl„S 

useful if reoSSSf^ «lis study nay be particularly 
Closely re^^JIS'^^Sil'i,; I^^^esSS °* 1"'^* ^ 
monoclonal antibodies ail^Jt vSTi """Pi*' 
Sinr^^^Llor''X°<i^*, »Pr2TLe'?n''^\ SSs' 
Of Se^itillf^ ^^'^"o^SS irf*" '^""^ 
The modification of such smtiboSi./ .k ^ 

i?tr^' ^irr^%-e^-J3^^,-7-ch™LS|-^ 

-"--Tl.ii\°r^"th=erapeu%iri? 

strategy where VH domains a^^cre J»ed ^ 
Example 47 



r ' ""i - at:tached Magnetic bo^h'^ ^ ""^n =7^ 



50 



Mild Conditions 



Phage ^tibody /.^ "^rfirty^a^in^^^^-a^SlciJ: 
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related to the antigen* Alternatively^ there may be no 
suitable specific eluting molecule that can be preoared 
in sufficiently high concentrration. In these cases it is 
necessary to use an elution method which is not specific 
5 to the antigen-antibody complex. Unfortunately, some of 
the non-specific elution methods disrupt phage structure, 
for instaifce phage viability is reduced with time ar pH12 
(Rossomandd, E.F. and Zinder, N.D, J. Mol. Biol. 36 387- 
399 1968). A method was therefore devised which allows 
10 elution of bound phage antibodies under mild conditions 
(reduction of a dithiol group with dithiothreitol ) which 
do not disrupt phage structure. 

Target antigen was biotinylated using a cleavable 
biotinylation reagent, BSA conjugated with 2-phenyl-5- 
15 oxazolone (0. Makela et al. supra) was modified using a 
biotinylation reagent with a cleavable dithiol group 
( sulphosucclnimidyl 2- ( biotinamido ) ethyl-1 , 3- 
dithiopropionate from Pierce) according to the 
manufacturers instructions. This biotinylated antigen 
20 was bound to streptavidin coated magnetic beads and the 
complex used to bind phage. Streptavidin coated magnetic 
beads (Dynai) were precoated with antigen by mixing esOpg 
of biotinylated OX-BSA in I ml PBS, with 200iil of beads 
for at least 1 hour at room temperature. Free antigen 
25 was removed by washing in PBS. One fortieth of the 
complex (equivalent to 5^1 of beads and an input of 17.5 
]xg of OX-BSA) was added to 0.5ml of phage in PBSM (PBS 
containing 2% skimmeid milk powder) containing 1.9x10^^ 
phage particles mixed at the ratios of pAbDl.3 directed 
30 against lysozyme (example 2) to pAbNQll directed against 
2 -pheny 1-5 -oxazolone (example 11) shown in Table 12. 

After 1 hour of incubation with mixing at room 
temperatui:^, magnetic beads were recovered using a Dynal 
MPC-E magnetic desperation device. They were then washed 
35 in PBS containing 0.5% Tween 20, (3x10 minutes, 2x1 hour, 
2x 10 minutes ) and phage eluted by 5 minutes incubation 
in iSO^il PBS containing lOmM dithiothreitol. The eluate 
was used to infect TGI cells and the resulting colonies 
probed with the oligo NQ11CDR3 
40 ( 5 ' AAACCAGGCGCCGTAATCATAGCC 3 ' ) 

derived from CDR3 of the NQll antibody (This hybridises 
to pAbNOll but not pAb D1.3). 

A 670 fold enrichment of pAbNQll (table 12) was 
achieved form a background of pAbDl.3 in a single round 
45 of purification using the equivalent of 17.5pg of 
biotinylated OX-BSA. 

This' elution procedure is just one example of an 
elution procedure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 
50 sequence encoding amino acids constituting a recognition 
site for cleavage by a highly specific protease between 
the foreign geiiB inserted, in this instance a gene for an 
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antibody fra^ent, and the sequence of the remainder of 
Example 48 



the 



alexi 



« hea^l^liX°^n? dU" . I."*^* combustions 
imnunisidl^us. aerived from the spleen of an 

useS^ o?S^'hei4 approach ?2 

■3 comhinat^L! '"^nipS:^"JScr*?h£-/„-tSj^ 



reducinc 



25 10 



SS^iiom^aSS^s^ct^^iS? 
approach, which conoe t,^^^ * alternative 

co»hinatoria^?..?°^^^^^^^ the dual 

surf aS^llTg^obSr to%^llect' tSe^^^^ ^"^^^^ 
oTLfeS-^ ^^^^nTi SHlf ^^^^ ™ 
s^o 7n^c"r\\sf thfi^^^^^ ^.iS^Si!^ 
comhinS^rof \'eW'S^^^^^^ c^SS?^^"^ ^^^^^^^ 

^-n^^%milfla\l^^^ J^^P-- 4-hydro.y- 

studied. Since th^ n^?mf„, ^® extensively 

only a sinale liSS- ^.k^^"^ immmB response to NP uses 
examine SS^ise ol • applicants were able to 

light ShSn and a ll^ra'iT'of^?^^^^^ "^^^^^ ^ "^^^ 

frequencies genes 4at rS»o 4= ^ .^^^"-"^ *° examine the 
(4-hydroxv-3 fo,i^^^ . f ® antibodies binding to NIP 

applic^?J^hive °4Ss :s"ed^ 

merits of ^^ctina fffi 7^^^ investigate the 

^toria?Ses=%^i SfpiSr^ph^^r " "-^^ 

2.1 Ha pten conluoares 

were conju.atea'^h '^i-S^SSHi TT.^ok^V- 
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succinimide (Cambridge Research Biochemicals, Northwich, 
UK) based on the method described by Brownstone 
(Brownstorie, A., Mitchison, N.A. and Pitt-Rivers, R., 
Immunology: 1966- 10: 465-492). The activated compounds 
5 were dissolved in dimethylformamide and added to proteins 
in 0.2 M sodium hydrogen carbonate. They were mixed with 
constant Citation for 16 hours at 4*0 and then dialysed 
against several changes of 0.2 M sodium hydrogen 
carbonate. : They were fincLLly dialysed into phosphate 
10 buff ered saline (PBS). The conjugates made were NP^2^CXG, 
NIP^pBSA. The NIPiqBSA derivative was subsequently 
biotinylated using a biotinylation kit purchased from 
Amersham (Amersham International, Amersham, UK). 

2.2 Animals and iimnunisation 

15 Mice of the strain C57BL/6 were immunised by 

intr^)eritoheal injection of 100}ig NP-CGG in Complete 
Freunds Adjuvant at 10 weeks of age. 

2.3 Spleen preparation 

Seven days after immunization cells from the spleen 

20 were prepared as described by Galfre and Milstein 
(Galfre, Gfv and Milstein, C. Methods Enzymol. 1981. 73:3- 
46). Red cells were lysed with ammonium chloride (Boyle, 
W. Transplantation 1968.6:71) and when cell selection was 
performed dead cells were removed by the method described 

25 by yon goehm^er and Shortman (von Boehmer, H. and 
Shortmah, K, J. Immunol, Methods 1973:1:273). The cells 
were suspended in phosphage buffered saline (PBS), 1% 
Bovine seapim albumen, 0«01% sodium azide; throughout all 
cell selection procedures the cells were kept at 4"C in 

30 this mediiim. 

2 ■ 4 Cell Solution 

Biotinylated NIP-BSA was coupled to streptavidin 
coupled iftagnetic beads { Dynabeads M280 Streptavidin, 
Dynal, Oslo, Norway) by incubating 10^ beads with 100}ig 

35 of biotinylated protein for 1 hour, with occasional 
agitation, and then washing five times to remove unbound 
antigen. The coupled beads were stored at 4*C in medium 
until recgptiired- For selection of antigen binding cells 
the cells (2-4xl0^/ml) were first incubated for 30 

40 minutes with uncoupled beads, at a bead: cell ratio of 
1:1, to e x a m ine the degree of non-specific binding. The 
beads were then separated by placing the tube in a 
magnetic device (MPC-E Dynal) for 3-5 minutes. The 
tinbound cells were removed and then incubated with NIP- 

45 BSA coupled magnetic beads, at a bead: cell ratio of 
0.1:1, for 60 minutes, with occasional agitation. The 
beads and resetted cells were separated as described 
above. The beads were then resuspended in 1 ml of medium 
and the separation repeated; this process was repeated 5- 

50 7 times until no unbound cells could be detectcsd when 
counted bti a haemocytometer . 

For the depletion of surface inmiunoglobulin positive 
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SSii^,"?® ^^^-^^ incubated with 20|jg biotinylated 

uSf 'SV'"°"ff polyvalent i«m>unoglobulin (Sigma ?oo2 
2i;d 1-0 ^^"^ "^^^'^'^ ^i=^e with medium and 

added to streptavidivin coupled magnetic beads at a bead 

SadI ^° ^""^-^ incibaJion'^Se 

m^^f..?^^ ^®11^ separated by applying the 

magnetic devxce three times - taking the superSatS?^^^ 

10 2.4 DNA/cDNA preparation, pcr ampllflr^^ t ion and cinn<n » 
m^t^hoH^H f ^ P'^P"^^ ^ ^^°Ple proteinase-K diges t 
SI eel?? fPCR^'p^of^^'T^ convenient for small n^^l 
oi ceils (PCR Protocols: A Guide to Methods and 

una wnxre T. j. Academic Press). rna nrensMi-ior^ =«h 

IS^JSSfet'TrS"^*^"?"" S'SScSSSd^ 
? t!? ?^ ^ (Gherardi E., Pannell R. and Milstein C 

Of iSrSe^w'^/n 126:61-68). f>CR ^d cSSing 

OI -aie neavy chain libraries was performed uslno i-h^ 
20 conditions described by"^ Wa^d S a! (WaS 

^"ssow, D., Griffiths, A.D., Jones P T and 

pS a;n?;V.^^Sf^' 2^1= 544-546?r !6 cycles 

PCR amplification were performed. The VH and Fv 
expression vectors used were adanted f-rr.™ h-k 
25 PTt°"^i^ described by War^ e? ;i . They w^e boS 
25 subcloned into pucil9 (Veira and Messing s2 llSr) 25 
the Fv expression vector was modified to include a 
ISi^"? lambda-1 light chain (obtained ^ a giS f T 
institule^oTr^^^^i Siegfried wliS/^sei 

30 g^*^^*^ °^ I«»»"n°logy)). THe vector is shown iri Figure 

2.5 Exp ression and ELISA 

for screening single colonies were picked into 
microtitre plates (Bibbyf intooS 2 
35 Jt 37^C fnt ; lOOpg/ml/0.1% glucose and th4n incubSted 
rhirili S ^'^ agitation, Isopropyl-B-D- 

Sd2 io !°?^^°^^^® ^^^"^^^ S19™^' P°°l«' ^) was ?hen 
Sontinu.? ^"-"^^ concentration of 1 mM and the incubatiS 
continued for a further 16 hours at 30 T ho^o^-^ 

piates (Becton Dickenson, N.J., uSA) were eoai-Bri 
tSL'S?" ;e»Perature with Wpiq-Ua ( 40ug/mf ?n 
PBS) and then blocked with 2% skimmed milk powder in PBS 
for 2 hours at room temperature. The bTcterlal 
fSTI?""^^ were added and incubated at ro^m t^^^r^^e 

cSin fl;..^K conjugated-Goat anti-mouse lambda- 

chain (Southern Biotechnology, Birmingham, USA) washed 
and again incubated for 1 hour at room teiperaturS befo?f 
Iti^^'l^^^.'"'^^ ""^^ and then deve?SpJS^^I?h f ?'! 

d^sitv it 40Snt substrate. The optical 

density at 405nm was measured using a Thermomax 



40 



45 



50 
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mlcroplate reader ( Molecular Devices , Menlo Park , USA ) 
after 30 jaii^iute^^ using the C- terminal 

myc tag aa' deiscribed in example 27. 

3 >1 Comparison of RNA/DNA and antigen selected cells 
5 The results of antigen selecrion are shown in Table 

13. Les^ than 1% of cells bind to NIP-BSA coated beads 
and the npn-specific binding is very low. Assessment of 
the proportion of expressed genes from each VH library 
using wesdfcem blotting ishowed that full length VH domains 

10 were expressed in 95% (19/20) of all clones when RNA was 
used as the starting material but only 60% (12/20) of 
clones when DNA ( either selected cells or from total 
spleen ) was used as the starting material. This 
difference probably results from the fact that many re- 

15 arranged pseudogrenes could be amplified with our primers 
and it appears that there must be some degree of 
selection, at the level of transcription, for functional 
genes. 

A variable number of clones from each type of 

20 library were screened for the production of Fv fragments 
that bound to NIP. Initial screening ELISAs were 
performed and positives taken to include those with an 
optical density of at least twice the backgroxind. The 
initial positives were retransformed and the binding 

25 checked in duplicate; it was confirmed that the binding 
was specifit: to NIP and not to BSA. The frequency of 
confirmed positive NIP binding clones for each starting 
material are shown in Table 14.' Using DNA as the 
startingf material for the PGR amplification is 

30 approximately equivalent to sampling the cells present as 
there is ohJLy one functional re-arranged heavy chain gene 
and at most one re-arranged pseudogene per B-cell. 
Amplify iiig from the RNA of an animal of course biases the 
repertoire to the reacting B-cells and in a recently 

35 immunised animal this would be expected to give some bias 
towards the immunogen. the data in Table 14 clearly 
shows how powerful this selection is with the number of 
antigen specific genes being enriched at least 96 fold 
when RNA ;^|ttade one week after primary immunisation is used 

40 as the starting material. The data also show that 
selectioh for antigen binding cells also provides an 
altemLatiye powerful method of selection for the required 
genetic starting material. 

3.2 Comparison of Total Spleen/stirf ace immunoglobulin 

45 depleted Spleen 

To examine the cellular basis of the selection 
achieved by using RNA as the starting material we 
depleted the spleen of surface iiranunoglobulin positive 
cells using biotinylated anti -polyvalent immunoglobulin 

50 and streptavidin conj ugated magnetic beads. Prior FACS 
analysis had demonstrated that this method removed over 
96% of 4iirf^ce . immunoglobulin positive cells. RNA was 
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prepared from both surface immunoglobulin depleted and 
non-depleted factions of a spleen and VH libSSes 
from each. The ELISA results (Table 14) stow Jhit ?he 
5 positives is certainly not decreased by tSS 

o depletion suggesting that the major portion of thl 
selective effect of using rna may con^ SoS lurfac! 
^ogl^lin negative G-cells (proLbly plasm^ cS2r 

nn applicants have demonstrated the imoortance of 

°^ specific RNA ^od?^ by 
immunisation to enable binding activity to be obtained 
with any reasonable frequency from a combi^aSSS 
library The applicants have also demoSSSS S 

alternative strategy which mimics that oT^ 

15 system itself. Using a simple method of sel^tiiS^S? 
antigen binding cells gave comparable enricSSeS Sd Si 
the added advantage of using a broader range of ^enef 
i^J""^"" ""^^ combinatorial approach ^uld 

appear unlikely to produce the original cSbSation of 

20 heavy and light chain because of the vast di^SlS^ of 

lol.i:r^?tt^i^^,'^^'' . '''^ applicants sto^Sref 
an^?~^ iS ^p^J:^°"^"^ immunisation, with a good 
antig^ 10% of the VH genes from total SDlenic^A 
efliSfve s?zl „^5°» antigen specific ceffs'^o 

°* ^ repertoire is greatly reduced 
aSJ iSSr^SLrt*** *f " promisc^Lty of tS SS?^ 

?Ef its. i?^^ (examples 21 and 22) accounts for 

l^JS^ 1*^* canbinatorial system does piijduoe ^tigS 
binding clones with reasonable frequency. The data ailS 
suggests that the bulk of the anti^en^cifS RSJ coiS 
!SeinS2ma^s°^'°'"''" ""^^^'^^ ^'^^ which^te^SSI? 

anti/e^;r s^Tecti^^^ ^^^s^ ir^e^uc^r thS 
complexity of the combinatorial library. ttS.s case aS 

h^^"" °S genes of at leSI ?l loS 

aS ^f^^^^'-^"'^'^ ''^^^^ ^" where heavy 

of Ir.T^'^.^^ unknown would result in a reductioS 
An complexity of the combinatorial library by a 

40 factor of over 3000. A further advantage ^ uJinq 
SSj'^^as^'dS'^^^n^fH^" amplifyix»g from DNA to rS^ce 

?SLl^cf , „ K ^^^^^ °^ °^1> is that this 

results ma broader range of antibody genes amplified 
It may be that a simple cell selectioA luch as th^t 
45 applicants have described here in combination wi^hphlo! 
selection would be ideal. From this example Tt c^TS 
iTui^"" combining cell and phage selection meSoS 
one could reasonably expect to screen all the 
50 S?Sl0r^°!i^ of heavy and light chain ( approxiiatll? 
DO 4x10^") and would thus be able to screen all bindinS 
combinations although this would not, at present bl 

?«mMn''.i^ ^""^ ^"^"^^ (approximately 4xl0lt 

combinations, assuming 50% B-cells). 
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Table 1 . Enrichment: of pAb ( Dl . 3 ) from vector population 



XJNFUT R&TXQ 


bUTPDT RaTIO 


ENRICHMENT^ 




oligo" 


ELISA'' 




pAo : za-CATl 


pAb: total phage 


pAb: total 
Dhacie 




Single Round 


' ^ , .. . ■ 






1:4x10^ 


43/124 




1.3x10^ 


1:4x10* 


2/82 




1.0x10^ 


Two Rounds 








1:4x10* 


197/372 




2.1x10* 


1 1:4x10' 


90/356 




1.0x10^ 


1 1:4x10*^ 


27/183 


5/316 


5.9x10" 


1 1:4x10' 


13/278 




1.8x10* 



Footnotes: ^Approximately 10^2 phage with the stated 
ratio of PAb (D1.3) : FDTPs/Bs were applied to 1 ml 
lysozyme-sfe^arose columns, washed and eluted. ^TGl 
cells wer^ infected with the eluted specific binding 
phage and plated onto TY-tet plates. After overnight 
incubation at 30-.37«C, the plates were analysed by 
hybridisatl^ to ttie 32p^ labelled oligonucleotide VHIFOR 
(Ward et ar: op cit) which is specific to pAb D1.3. c 
Single colonies from overnight plates were grown, phage 
purified, and tested for lysozyme binding. ^Enrichment 
was calculated from the oligonucleotide probing data. 
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Table 2 Enrichment of pAb (D1.3) from mixed pAb population 



Input Ratiol 
\ paoiix . J : pAoNQll ) 


Output Ratio' 
(pAb 01.3:Total phage) 


Enrichment 


Single Round 






1 : 2.5 X 10* 


18/460 


0.98 X 10^ 


1 : 2.5 X 10^ 


3/770 


0.97 X 10^ 


1 : 2.5 X 10* 


0/112 


- 


PAD NQll only 


0/460 


1 


^9 «K ^ M 

Second Round 
■1- • ^.5 X 10* 
1 : 2.5 X 10» 


119/170 

101/130 


1.75 X 10* 1 
1.95 X 10' 


1 : 2.5 X 10' 


102/204 


1.26 X 10« 


1 : 2.5 X 10' 


0/274 




1 : 2.5 X 10" 


0/209 




II pAb NQll only 


0/170 





Notes 



1- lOlO phage applied to a lysozyme column as in table 
1. 

2. Plating of cells and probing with oligonucleotide as 
in table 1, except the oligonucleotide was 
D1.3a3R3A. 
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Table 3: Enzjine activity of phage-enzyme 





ncf of snzyins 
or No. of phage 


nace 
(OD/hr) 


XT A 

NO. Of 

molecules 
of Enzyme 
egulvaleni; 
(xlO-") 


Pure Enzyme 


335 


34 


24.5 


Piire Enzyme 


177.5 


17.4 


12.25 


Pure Enzyme 


88.7 


8.7 


6.125 


Pure Enzyme 


44.4 


4.12 


^.06 


Pure Enzyme 


22.2 


1.8 


1.5 


Pure Enzyme 


11.1 


0.86 


0.76 


No Enzyme 


0 


0.005 


0 


f d-pho*il66/TGl 


1.83x10" 


5.82 


4.2 


fd-CAT2/TGl 


1.0x10" 


0.155 


0.112 


fd-phoAlal66/KS272 


7.1x10" 


10.32 


7.35 


1 fd-CAT2/KS272 


8.2x10" 


0.038 


0.027 
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Table 5 
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Soluble enzyme Phage enzvme 

(Data from Chaidarogiu {Data from this study) 

phoArpl66 DhoAlal66 DhoArgl66 phoAlal66 

Km (mM) 12.7 1620 73 1070 

Relative Km 1 127 1 14.6 

Relative 1 0.397 1 0 360 

kcat 

Relative 1 0.0032 1 0.024 

kcat/Km 

Table 6. Kinetic parameters of soluble and phage<bound 
alkaline phosphatase. Relative values of kcat and Km for the 
soluble enzyme and for the phage enzyme were derived by 
comparing widi the values for wild type enzyme (phoArgl66) and 
the phage-wild type enzyme (fdphoArgl66). 
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Enzyme Activity of Phage Samples 



SAMPLE 
(Construct: host) 


INPUT PHAGE 

PARTICLE 

(pmol; 


RATE 

(pmol substrate 
converted/min) 


SPECMC 
ACTIVITY 
(mol substrate 
converted/mol 
phage/min) 


fdphoArgl66 
:TG1 


2.3 


8695 


3700 


fdphoAIal66 
:TG1 


5.6 


2111 


380 


fdphoAlal66 
:KS272 


1.8 


2505 


1400 


fdCAT2: 
TGI 


3.3 


<1 


<03 


fdCAT2: 
KS272 


5.6 


70 


12 



Table 



PCr/GB91/0n34 

Table 8. Affinity chromato p raphv of DhBse-enrvrnt^^ 



SAMPLE 


INFECnVlTY 
(Percentage of 
phage panicles 
which are 
infectious ) 


INPUT PHAGE 

PARTICLE 

(xI09) 


OUTPUT PHAGE 
PARTICLE 

(Xl09) 


fdphoAr^l66 


0.37% 


5160 


30 


fdphoAIal66 


0.26% 


3040 


90 


fdCAT2 


4.75% 


4000 


2 
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... mfc 

Nucleotide mutation Amino acid mutation Number 
(base position) 

308 Ala->VaI (VH FR3) 3 

703 : Tyr->Asp (VL CDR3) 1 

706 Ser-> Gly (VL CDR3) I 

724 Gly->Ser (VL FR4) 21 

725 Gly-> Asp (VL FR4) 3 
734 Thr-> He (VL FR4) 1 



Table 9 Mutations in scFvBlS selected by display on phage 
followinpi growth in mutator strains 
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Table 12 



Enrichment of pAbNQll from pAbD13 background by 
affinity selection using Ox-BSA biotinylated with a 
cleavable reagent and binding to streptavidin magnetic 



beads 



Input Ratio ^ 
(pAbD1.3:p AhN9in 



Output Ratio^ 
(pAb NOIl: Total phage) 



Enrichment 



2235:1 



61/197 



690 



22350:1 



2. Colonies probed with the oligonucleotide NQ11CDR3 



wo 92/01047 



PCT/GB91/01134 



Table : Results ot antigeniic cell selection 

Number 
of Cells 

Total spleen cells 4x10^ 

Cells bound to ^ 0.8x10^ 0,02 
uncoated beads 

Cells bound to NIP-BSA 22x10^ 0.55 
coatedbeads 



% of total 
cells 
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14- 



Table : Results ofFv NIP bincfingOJSAsfhnn selected 



cell populations: 



Cell Population 
DNA fiom total ^leen 



Positives 



0/940 



•Degree of 
Enrichment 



RNA from total Spleen 



29/282 



>96 



DNA fiom antigen 
binding cells 



17/282 



>56 



Surface Ig Selection 



RNA fiomSurfece Ig 
negative fiaction 



RNA ftom total Sfdeea 



4/94 



Degree of enrichment compared to total DNA. 
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CLAIMS 

!• A metiipd of producing a multimerlc member of a 
specific binding pair (sbp), which method comprises: 
expressinc^ in a recombinant host organism a first 
5 polypeptide chain of said sbp member or a genetically 
diverse peculation of that type of sbp member fused to a 
component of a secreted replicable genetic display package 
(rgdp) which thereby displays said polypeptide at the 
surface of the package, and expressing in a recombinant 

10 host organism a second polypeptide chain of said mul timer 
and causing or allowing the polypeptide chains to come 
together to form said mul timer as part of said rgdp, at 
least one of said polypeptide chains being expressed from 
nucleic acid that is capable of being packaged using said 

15 component therefor, whear^y the genetic material of each 
said rgdp encodes a said polypeptide chain. 

2 • A method aqcording to claim 1 wherein both said chains 
are expressed in the same host organism. 

20 :y 

3- A metiiod according to claim 2 wherein said first and 
second chains of said multimer are expressed as separate 
chains farpm a single vector containing their respective 
nucleic acid. 

25 

4. A method according to any one of claims 1, 2 and 3 
wherein at least one of said polypeptide chains is 
expressed from a phage vector. 

30 5. A method according to any one of claims 1 to 4 wherein 

at least one of said polypeptide chains is expressed from 
a phagemid vector, the method including using a helper 
phage, or a plasmid expressing complementing phage genes, 
to help package said phagemid genome, and said component 

35 of the rgdp is a capsid protein therefor. 

6 . A method according to claim 5 wherein said capsid 
protein is absent, defective or conditionally defective in 
the helper phage. 

40 

7. A method according to any one of the preceding claims 
which comprises introducing a vector capable of expressing 
said first polypeptide chain into a host organism which 
expresses said second polypeptide chain in free form, or 

45 introducing a vector capable of expressing said second 
polypeptide in free form into a host organism which 
expresses said first polypeptide chain. 

8. A method according to any one the preceding claims 
50 wherein each said polypeptide chain is expresser' from 

nucleic acid which is capable of being packaged as a rgdp 
using sai^ component fusion product, whereby encoding 
nucleic acid for both said polypeptide chains are packaged 
in respective rgdps. 
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I: ? according to any one of the preceding claims 

wherein the nucleic acid encoding at least one of said 
first and second polypeptide chains is obtained from a 
library of nucleic acid including nucleic acid encodino 
said chain or a population of variants of said chain. 

10. A method according to claim 9 wherein both the first 
T^^/^l^ polypeptide chains are obtained from respective 
said libraries of nucleic acid. v-u^ve 

11. A methai of producing a member of a specific binding 
pair (sbp) from a nucleic acid library including nucleic 
acid encoding said sbp member or a genetically diverse 

15 SSpris^^ °^ °* member, wh±6h method 

expressing in recombinant host cells polypeptides encoded 

Sr^f,^"'';^.^^^^^^ *° a*^ component of a 

secreted replicable genetic display package (rgdp) or in 

20 fSnf °K ^t°pif tio'^ with a polypeptide component of 
20 said sbp member which is expressed as a fusion to said rgdp 
component so that the rgdp displays said sbp member in 
functional form at the surface of the package, said library 
nucleic acid being contained within the host cells in a 
form that is capable of being packaged using said rodo 
25 component, whereby the genetic material of Si Sdp 
J ^ member contains nucleic acid encoding 

said sbp member or a polypeptide component thereof. 

30 i«,*T. toh^?^^K°*KP"^w4"^ ^ member of a specific binding 
30 pair (sbp), which method comprises: 

expressing in recombinant host cells nucleic acid encoding 
said sbp member or a genetically diverse population of that 
type of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 
with a compon^it of a secreted replicable genetic display 
package (rgdp) which displays said sbp member at the 
surface of the package, nucleic acid encoding said sbp 
Z^^l II a polypeptide component thereof being contained 
ni^S«^ J ^ is capable of being 

? !S ^^^^ ^^^P component, whereby the genetic 
material of the rgdp displaying said sbp member incodes 
said sbp member or a polypeptide component thereof, said 

^ mutator strain which introduces 
genetic diversity into the sbp member to produce said mixed 
* 0 population . 

13. A method of producing a member of a specific binding 
pair (sbp), which method comprises: 

expressing in recombinant host cells nucleic acid encoding 
said sbp member or a genetically diverse population of that 
type^of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 
with a component of a secreted replicable genetic display 
package (rgdp) which displays said sbp member in functional 
form at the surface of the package, nucleic acid encoding 
said sbp member or a polypeptide component thereof being 
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contaJjtied within the host cell in a form that is capable 
of beijrig packaged using said rgdp component, whereby the 
genetic raatieriai of the rgdp displaying an sbp member 
encodes said sbp member or a polypeptide component thereof, 
5 said fusions being with bacteriophage capsid protein and 
the rgdps being formed with said fusions dLn the absence of 
said capsid protein expressed in wild-type form. 

14. A method of producing a member of a specific binding 
10 pair (sbp) which method comprises: 

expressing in recombinant host cells nucleic acid encoding 
said sbp moiber or a genetically diverse population of that 
type of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 

15 with a component of a secreted replicable genetic display 
package (rgrdp) which displays said sbp member at the 
stir face b£/ the package, nucleic acid encoding said sbp 
member or a polypeptide component thereof being contained 
within the host cell in a form that is capable of being 

20 packaged using said rgdp component, whereby the genetic 
material of the rgdp displaying an sbp member encodes said 
sbp member or a polypeptide component thereof, said sbp 
member or polypeptide component thereof being expressed 
from a phagemid as a capsid fusion, and a helper phage, or 

25 a plasmid expressing complementing phage genes,, is used 
along with said capsid fusions to package the phagemid 
nucleic acid. 

15. A metliod according to claim 14, wherein said capsid 
30 protein is absent, defective or conditionally defective in 

the helper ::phage. 

16. A mel^ipd according to any one of claims 13 to 15 
wherein the host cell is a mutator strain which introduces 

35 genetic diversity into the sbp member nucleic acid. 

17. A method according to any one of claims 9 to 16 
wherein said library or genetically diverse population is 
obtained from : 

40 ( i ) the repertoire of rearranged immunoglobulin genes 

of an animal immtinised with complementary sbp 
Member, 

( ii ) the repertoire of rearranged immunoglobulin genes 
Of an. animal not immunised with complementary sbp 

45 membeor, 

(iii) a repertoire of an artificially rearranged 
immunoglobulin gene or genes, 

(iv) a repertoire of an immunoglobiHin homolog gene 
i>r genes > or 

50 (V) a mixture of any of (i), (ii), (iii) and (iv). 

18. A method according to any one of the preceding claims 
wherein said sbp member comprises a domain which is, or is 
homologous .to, an immunoglobulin domain. 
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19. A method according to any one of the preceding claims 
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SaSS?um''*'\nd^'£,-^^^ ^ bacteriophage, the host is a 

' fklL'^^t "° ^'^^ -^--^'^ P^^e is 

seiecJerSSm ^So"'''?'^"^ ^0 wherein the phage is 

10 z J/J f^^K^ ^ fl, ifi/ike 

10 ZJ/z, Ff and the class II phages Xf, Pfl ^ Pf3. 

o?;^ Jk"®**^ according to claim 20 or claim 21 wherein 
said sbp member or polypeptide chain thereof is ex^rSSS 
15 a fusion with the gene III capsid protein ^f^Sl S 

15 or its counterpart in another fil^tous plSge! ^ 

ll'vol^l^J^'S^'^l^ *° 22 wherein said sbp member 

?eaioi^jr hSS.^'^? thereof is inserted in the N-terminS 
20 SSe?or^^e^erTe?t?de°^P^" ^^"^^'^ downstream of a 

w^;reL"^'°hU°3it^li"f °^ *° 23 

wh;rein"n^fi^°f°'^'^''^ ^1^^ °^ preceding claims 
suppressible translational stop codon. through a 

wh^reJn"?^'^^*^??^''^ °^ preceding claims 

^ J^'*^^ formed by said expression are selected 
DODuS?Sf S ^'^^''^ ^ individual sbp memb^ or a S^Sd 
?^S™J^ °f members associated in Sir 

35 oTHoiJ^eSiS "^^in"SSe°or ^ 

seiec?erSS°t*^s^'??^"^.t° ^6 wherein the rgdps are 

sbp SSSe^f ^"^^^ ^ »^er complementary tS said 

28. A method according to claim 27 which comnrisec 

2?;^='^ method according to claim 28 wherein the eluant 

SSSn^to^^^^^"^? With sSld rgdp IS^ 

Binding to the complementary sbp member. 



40 

28. A 
recove 

with an eluant 
45 29 



according to any one of the claims 27 to 29 
wherein the rgdp is applied to said compl^SSitarv shn 
"-u ^^P^^s^nce of a molecule whlS^ c^^ete? wSh 
said package for binding to said complementary sbp mLSJ 

^ method according to any one of claims 26 to 30 
wherein nucleic acid derived from a selected or screened 
rgdp IS used to express said sbp member o?l ?ra^S? or 
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derivative thereof in a recombinant host organism. 

32. A method according to claim 31 wherein nucleic acid 
from one or more rgdps is taken and used to provide 

5 encoding nucleic acid in a further said method to obtain 
an individual sbp member or a mixed population of sbp 
members, or encoding nucleic acid therefor. 

33 . A meitfaopd according to claim 31 or claim 32 wherein the 
10 expression isnd product is modified to produce a derivative 

thereof. 

34. A method according to any one of claims 31, 32 and 33 
wherein tfeti^ escpression end product or derivative thereof 

15 is used to j^repare a therapeutic or prophylactic medicament 
or a diagntetic product. 

35. Recombinant host cells harbouring a library of nucleic 
acid f ragiR^ts conrfirising fragments encoding a genetically 

20 diverse pqi>ulation of a type of member of a specific 
binding p^aLir (sbp), each sbp member or a polypeptide 
component thereof being expressed as a fusion with a 
component pf a secretable replicable genetic display 
package ( rgdp)V so that said sbp members are displayed on 

25 sxirf ace of the rgdps in functional form and the genetic 
material o;| the rgdps encode the associated sbp member or 
a polypeptide component thereof . 

36. Reoombinant host eel JLs according to claim 35, wherein 
30 said typi% of sbp member are immunoglobulins or 

immiinoglobUlin homologs, a first polypeptide chain of which 
is expressi^ as a said fusion with a component of the rgdp 
and a second polypeptide chain of which is expressed in 
free form and associates with the fused first polypeptide 
35 chain in the rgdp. 

37. A helper phage whose genome lacks nucleic acid 
encoding one of its capsid proteins, or whose encoding 
nucleic acid therefor is conditionally defective, or which 

40 encodes said capsid protein in defective or conditionally 
defective form. 

38. A bacterial host cell containing a filamentous phage 
genome defective for a capsid protein thereof and wherein 

45 the host cell is capable of expressing capsid protein 
complementing said defect such that infectious phage 
particles can be obtained therefrom. 

39. A bacterial host cell according to claim 38 wherein 
50 said coraplementihig capsid protein is expressed in said host 

from another vector contained therein . 

40. A bacterial host cell according to claim 38 or claim 
39 wherein the defective capsid protein is gene III of 

55 phage f d or its counterpart in another filamenrous phage. 
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12478)?°°"^'^"^* E.coli TGI m3K07 gill No. 3 (NCTC 

42. A phage having the form of a replicable genetic 
display package displaying on its surface in functional 
dSin th^5.°^ ^ ^^'^^^Sr pair or a binding 
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15 



20 



43. A kit for use in carrying out a method according to 
any one of claims 1 to 34, said kit including: 

(1) at least one vector having an origin of 
replication for single-stranded bacteriophage 
a restriction site for insertion of nucleic acid 
encoding said sbp member or a polypeptide 
component thereof in the 5' end region of the 
mature coding sequence of a phage capsid protein 
and with a secretory leader seqnaence upstream of 
said site which directs a fusion of the capsid 
protein and sbp polypeptide to the periplasmic 
space of a bacterial liost; and 
(ii) ancillary components required for carryinq out 
the method. 
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Fig. 5. 
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Fig. 10. 
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Fig. 16(1) 
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